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TAKING STOCK 
RE RE RE ENIRNIRIES. 


101 + 70 = SERVICE 


Amphenol’s 101 industrial distributors in 70 cities 
are never beyond hollering distance 


When minutes or hours of delay in the 
receipt of needed components can mean 
many dollars in manufacturing losses, de- 
ieee ~COipernd on an Amphenol 
i Distributor 


in your local trading 


Industrial 


area to get them to 
you now. There is no 
need to go long dis- 
Robert E. Svobodo, 


President, Amphenol 
Distributor Division 


tances for the compo- 
nents you need. 


Amphenol Industrial Distribution pro- 
vides the means to fill your needs locally 


if you are within hollering distance of any 
one of 70 cities (see map) in the United 
States. 101 Industrial Distributors in these 
70 cities are well stocked and equipped to 
handle your requirements for the vast ma- 
jority of products in the Amphenol, IPC, 
D-K and Borg Equipment lines. 


Drop me a note or a card, and I'll send 
you a complete listing of the Authorized 
Amphenol Industrial Distributors in your 
area. Better yet—give us a problem to 
solve. Let us show you what we mean 
by local distribution. 


D-K Coaxial Relays or Switches— 
First in the Industry to Switch to 
Standardization 


For many years now, users of coaxial 
switches or relays have come to recog- 
nize Danbury-Knudsen switches as the 
quality standard of the industry. Over 
these same years, D-K (now part of the 
RF Products Division of Amphenol-Borg) 
has accumulated thousands of designs, 
many of which differed only slightly 
mechanically and not at all functionally 
from one another. 


Custom switch manufacture obviously 
has two major disadvantages: long manu- 
facturing time, and high costs. In order 
to combine customary D-K quality with 
the ultimate in service at mass production 
prices, we can now offer a standard line 
of switches for most RF switching appli- 
cations from local distributor stocks. The 
wide variety of switching applications 
covered by the D-K “Standard line” is 
described in a new “Short Form” catalog. 
For more information on D-K switches 
and the name of your local D-K switch 
distributor, just write for Catalog $4. 


New Quick-Reference Amphenol 
Catalog 


Unless you're very familiar with Am- 
phenol products, it will surprise you to 
see the wide selection of electronic com- 
ponents available from your local Am- 
phenol Industrial Distributor. From the 
new microminiature “Micro-Mod” connec- 
tors at 38” square through a wide range 
of intermediate sizes and configurations, 
to the 3-)4”-square, 100-contact, 115- 
series connectors, your every connector 
need is catalogued in this new IEC-4. 


Even more important, most of the prod- 
ucts displayed in this new catalog are 
stocked in depth and breadth by your 
local Amphenol Industrial Distributor. 


Write for your copy of catalog IEC-4 
now—and ask for a list of the distributors 
in your area who can provide you with 
the goods—from stock—at factory prices. 


[vet hrrtobe— 


Amphenol Distributor Division 


Broadview, Illinois 


qi Distributor Division / Amphenol-Borg Electronics Corporation 
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INMANCO DIVISION 10 BECOME 
INMANCO INCORPORATED ON OCT. 1 


OFFICIAL OF NEW FIRM IS 


Inmanco Incorporated, A Newly Formed Company 


ALSO A PROMINENT FIGURE/| Purchases the Manufacturing Division of IMC 


IN INSULATION ae 


A. Shirley Gray, 
administrative vice 
president and gen- 
eral manager of 
Inmanco Incorpo- 
rated has been as- 
sociated with the 
electrical insula- 
tion industry since 
1919. Presently he 
is vice president 
and general manager of The Macallen Com- 
pany, Inc., and Insulation Manufacturers 
Corporation as well as of the newly formed 
Inmanco Incorporated. He has been very 
active in the electrical/electronic industries 
as a member of AIEE, ASTM, and as one 
of the leaders: in the first three Electrical 
Insulation Conferences. During World War 
II, he was consultant on built-up mica to the 
War Production Board in Washington. 
Among his outside interests, he is a member 
of the Board of Directors of the San Fran- 
cisco Giants National League baseball club, 
and last year he accompanied the Giants on 
their six-week tour of Japan. 


Company is Converter of 
Insulating Materials for The 
Electronic-Electrical Industry 


KEEP UP TO DATE ON 





ELECTRICAL 


CHICAGO—On October 1, 1961, 


the Inmanco Division of Insulation Manufacturers 


Corporation will pass out of existence. On that date, the recently organized firm of Inmanco 


Incorporated, will take over all equipment, 


tools, and inventories. The new Inmanco 


Incorporated will operate the facilities thus acquired as a separately owned and managed 
company. There will be no interruption in production. 
The original IMC Manufacturing Division was formed in 1935, according to A. Shirley 


Gray, Administrative Vice President of the new firm, 


material in the many special forms needed 
by IMC customers, products which supple- 
mented those of IMC suppliers. 


Since that time, the operation has grown | 
rapidly to the place where it became desira- | 


ble to round out the organization and in- 
crease facilities to provide expanded cus- 
tomer service, continued Mr. Gray. 

The new firm of Inmanco Incorporated 
will engage only in the manufacturing and 
converting of nonmetallic materials for the 
electrical-electronic industry. Customers lo- 
cated throughout the United States and 
Canada, run the gamut from automobile 
parts manufacturers to makers of all types 
of electrical motor, generating, and distrib- 
uting equipment, and producers of minia- 
turized equipment in the electronics field. 

Inmanco Incorporated also offers a com- 
plete line of standard-packaged insulating 
products for the electric motor repair indus- 
try, including formed fibre wedges and 
cuffed paper coils. These are sold nationally 


| through distributors. 


Inmanco Incorporated will inherit all the 
skills and techniques gained through the 
pioneering and development of ways to fab- 
ricate many of the new insulating materials 
now on the market, continued Mr. Gray, 
and the company expects to accelerate this 


type of research. 
| The new company will work with electri- | 


cal insulating materials of a wide variety of 
different types and grades of papers, plastic 
films, coated fabrics, mica, fibres, woods, 
and laminated plastics. High-speed equip- 
ment designed to shear, saw, slit, die-cut, 
crease, mill, form, and cuff are able to pro- 
duce almost any type of precision insulating 
part. One of Inmanco’s specialties is com- 
mercial, precision slitting of narrow and 
wide coils to extra close tolerances. 


INSULATION 


Have Your Name Put on The INMANCO INCORPORATED Mailing List. 
Gentlemen: Please send me your latest product literature. 
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Title leasing 


Company 





ee ae 





City 


Inmanco 
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Zone State_ 


571 West Washington Boulevard 
Chicago 6, Illinois 
Distributors in Principal Cities 
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MANAGEMENT 
TALLIES 
269 YEARS 
SERVICE 
IN INSULATION 
FIELD 


A. SHIRLEY GRAY 
Administrative 
Vice President and 
General Manager 


JOHN _E. JOHNSTON 
Treasurer 


W. BRADFORD WICKLAND 
Manufacturing 
Coordinator and 
Purchasing Agent 


STANLEY A. SARGENT 
Sales Manager 


ALFRED J. BONAMER 
Superintendent 
Escanaba Plant 


to provide electrical insulating 


THOMAS ALLEN 
President 


J. HAROLD MARTIN 
Executive Vice President 


STANLEY W. JAROSZ 
Manufacturing 
Vice President 


STEPHEN L. KUBALA 
Assistant Treasurer and 
Controller 


EDWARD J. JAROSZ 
Superintendent 
Chicago Plant 


JOHN J. ROMAN 
Inventory Control 





LOOKING FOR A 


ONE WAY SWITCH ¢ 


OAK UNI-DIRECTIONAL SWITCH MECHA- 
NISM—There are relatively few times when you 
need a switch in your circuit that won’t turn back. 
When you do run into this occasional design prob- 
lem, you usually need your switch “right now.” Oak 
designers have come up with a simple, sturdy uni- 
directional detent mechanism that will withstand 
more than 25 inch-lbs. of reverse torque. A formed 
spring brass plate provides positive ratcheting action 
when travelling in a perforated bronze detent plate. 


Uni-directional mechanisms are available on the 
following Oak rotary switch types: Type BH, 36° 
Throw; Type H, 30° Throw; Type L, 20° Throw; 
Type MF, 15° Throw; and Type F, 30° Throw. 
If you’d like more information on these, or other 
special Oak switches, contact your local Oak sales 
representative or write our Applications Engineer- 
ing department. The applications in which you'll 
find these one-way switches useful are as unlimited 
as your imagination. 


OAK MANUFACTURING CO. 


CRYSTAL LAKE, ILLINOIS > 


Telephone: Crystal Lake, 459-5000 


Plants in Crystal Lake, Illinois * Elkhorn, Wisconsin 


BSIDIARIES: OAK ELECTRONICS CORPORATION, Culver City, Calif. « M°COY ELECTRONICS CO., Mt. Holly Springs, Pa, 
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Formerly Electrical Manufacturing 


The Design Magazine of Science & Engineering in the Electrical-Electronic Field — a medium of 
technical communication for those working in the following areas of design-engineering activity: 


Research & Development e Components Evaluation e Measurements, Standards, Specifications 
Materials Evaluation e Product or Systems Development e Product or Systems Evaluation 


CONTENTS: 


Improving Analog-Circuit Reliability with Redundancy Techniques 
A. A. Sorensen 


Transformer Specification for Reliable Electronic Equipment 
D. Epstein 


Trends in Semiconductor Devices for Microwave Applications 
WV. Tenzer 


Hyperbolic Functions 
1. D. Kraus 


Effects of Temperature on Magnetic Properties of Cobalt-lron Alloys 
J. J. Clark and J. F. Fritz 
Monthly Science & 


Engineering Feature 


> Electrical Breakdown in Solids and Liquids 
4. H. Sharbaugh and J. C. Devins 


A-C Solenoid Application 
I. Gebel 


Shading Coils Energized for Motor Control 
C. Kasparian 


Graphical Flux Analysis in Transformer Design 
VW. G. Leonard 


Using the Silicon Controlled Rectifier for P rotection 
F, W. Gutzwiller 
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Published Monthly and Copyrighted by C-M Technical Publications Corporation, 
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See “In This Issue” for Subject-Classified Abstracts of Articles—Pages 6 and 7 
Editorial Reprints Available .... 162 Science & Engineering Reprints.. 170 Reader inquiry Service 
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PRESSING FORCE — TONS 


100 ) 300 400 
TIME IN MILLISECONDS 


With a Type Q Plug-In Unit—in a Tektronix The Type Q Unit plugs directly 
Oscilloscope that accepts Letter-Series 
Plug-Ins—you can now display information 


from strain gages and many resistive, ca- 


into these oscilloscopes: T 


3, 545, 545A, 


pacitive, and inductive transducers. 


On the cathode-ray tube, you display a detailed 551, and 555 (dual beam), and 
+ 


ture of this information plotted against time. ee 
ample, the waveform illustrates plot of a 
the display, a monitor 

Dressing force in tons 

for each stroke of 

scopes in the Type 81 Plug-ir 

tress analysis, vibra- Adapter, and in the Tektronix 

. with typical quan- 127 Preamplifier Power Supply 

g force, displacement, with any standard laboratory 

oscilloscope and many other 


readout devices. 


| micro- 

=n us vith e strain 
t requency 

o 6 kc (3 db down), with excellent 


+rancient recnonse 


a gage facto 


For complete information, or 
assistance with strain-gage 
and other transducer read- 
out problems, please call 
your Tektronix Field En- 
gineer, 


S ssiitn emeine buen ie “Tiber 
you now uSeé a | extror 


x Oscilloscope that 
accept 17 Letter-Series Plug-Ins, the 
added versatility of a Type Q Plug-In Unit 


$300, f.o.b. factory. 


pts tne 


cr c far ni 
pe yours for only 


Tektronix, Inc. 


P.O. BOX 500 - BEAVERTON, OREGON Mitchell 4-0161 + TWX-—BEAV 311 + Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. « Atlanta, Ga. « Baltimore (Towson) Md. * Boston (Lexington) 
Mass. « Buffalo, N.Y. « Chicago (Park Ridge) Ili. « Cleveland, Ohio « Dallas, Texas « Dayton, Ohio « Denver, Colo. « Detroit 
Lathrup Village) Mich. « Endicott (Endwell) N.Y.« Greensboro, N.C. « Houston, Texas « Indianapolis, Ind. « Kansas City 
(Mission) Kan. « Los Angeles, Calif. Area (East L.A. « Encino « West L.A.) « Minneapolis, Minn. « Montreal, Quebec, Canada 
New York City Area (Albertson, L.J., N.Y. « Stamford, Conn. « Union, N.J.) « Orlando, Fla. « Philadelphia, Pa. « Phoenix 
Scottsdale) Ariz. « Portland, Oreg. * Poughkeepsie, N.Y. « San Diego, Calif. e San Francisco, Calif. Area (Lafayette, Palo Alto) 
« Seattle, Wash. « Syracuse, N.Y. « Toronto (Willowdale) Ont., Canada « Washington, D.C. (Annandale, Va.) 


ENGINEERING REPRESENTATIVES: Kentron Hawaii Ltd., Honolulu, Hawaii. Tektronix is represented in twenty-five 
verseas countries by qualified engineering organizations. 

European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL 

A.G., Terrassenweg 1A, Zug, Switzerland, for the name of your local engineering representative. 


Other Overseas areas, please write or cable directly to Tektronix, inc., International Marketing Department, P. O. Box 500, 
Beaverton, Oregon, U.S.A. Cable: TEKTRONIX. 
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Anaconda 


Strip-copper coils 


cut size and weight 


Strip-copper coils cut the size and weight of 
electrical equipment ranging from watt-hour 
meters using relatively small coils to pole- 
mounted distribution transformers rated up to 
500 Kva. In many instances operating char- 
acteristics can be improved as well. 


Anaconda is now supplying high-quality 
copper strip for such uses. The quality of the 
copper has been extended to the finish, the 
edge, the packaging and handling. It is de- 
burred, carefully packaged to prevent edge 
damage, and made available in a wide range of 
thicknesses and widths to satisfy all needs. 


Whatever your use of coils, whatever size 
and capacity you wind, Anaconda copper strip 
promises economies in size and weight. 


Technical Assistance in the application of 
Anaconda strip copper to your coil design 
problems is available from the Metallurgical 
Dept. Address: Anaconda American Brass Co., 
Waterbury 20, Conn. In Canada: Anaconda 


American Brass Ltd., New Toronto, Ontario. 
61-915 


NAIACOADS/ 
ENAUUNUA 
AMERICAN BRASS COMPANY 
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Electro-Technology 


Design Considerations Your Classification: 


Reliability 
Systems 
Computer-Type Subsystems 


% Improving Analog-Circuit 
Reliability with 
Redundancy Techniques 


\ summary of the results obtained by the application of re- 
dundancy to various types of analog circuits and devices, such 
as a-c and d-c amplifiers. Both passive and active (switching) 
redundancy are applied and comparisons are made between 
several possible techniques. Formulas are derived which enable 
the designer to ascertain the actual reliability improvements 
to be expected. 


4. A. Sorensen, Space Technology Laboratories, Inc., Los 
Angeles, Calif. 


Electro-Technology 1961 October p 66 10 pp 


Materials, Electrical /Electronic Your Classification: 


Magnetic Materials 


Effects of Temperature on Magnetic 
Properties of Cobalt-iIron Alloys 


A study of normal magnetization curves, coercive forces, 
residual induction, and total core loss at different inductions 
for three cobalt-iron alloys in the —60 to +500 C temper- 
ature range. Results of temperature cycling are presented in 
the form of typical curves. 


J. J. Clark and J. F. Fritz, Westinghouse Electric Corp., East 
Pittsburgh, Pa. 


Electro-Technology 1961 October p 93 4 pp 


Components, Electrical / Electronic Your Classification: 


Magnetic Components 


Transformer Specification for 
Reliable Electronic Equipment 


Specification MIL-T-27A is interpreted and the need for ad- 
ditional information detailed with respect to environmental 
conditions, electrical requirements and mechanical considera- 
tions to aid the systems or subsystems designer in getting his 
requirements met by the transformer manufacturer. 


D. Epstein, Chief, Engineering Components Section, Radio 
Receptor Co., Inc., a Subsidiary of General Instrument Corp., 


Hicksville, N. Y. 


Electro-Technology 1961 October p 76 6 pp 


Science and Engineering Your Classification: 


Physics 
Materials, Electrical /Electronic 
Electrical Insulation and Dielectrics 


*% Electrical Breakdown in Solids 
and Liquids 


The basic concepts of electrical breakdown, previously ex- 
amined by the authors in relation to gases (cf February 
1961 issue of ELecrro-TECHNOLOGY!. are now exterded to 
considerations of breakdown phenomena in solids and liquids. 
Experimental studies are discussed and various theories of 
breakdown are elucidated, in some instances with the use 
of mathematical examples. 


A. H. Sharbaugh and J. C. Devins, General Electric Research 
Laboratory, Schenectady, N. Y. 


1961 October p 97 20 pp 
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Components, Electrical/Electronic Your Classification: Your Classification: 


, Components, Electrical / Electronic 
Magnetic Components 


Semiconductor Devices 


Using the Silicon Controlled Rectifier 
for Protection 


Graphical Flux Analysis in 
Transformer Design 


Examples of the quantitative use of field-mapping techniques Consideration is given to the use of the silicon controlled 

are presented, and their application to transformer design rectifier as a protective element against overcurrents and 

problems detailed. overvoltages. Several types of circuits are described: gate 
blocking, electronic crowbarring, and current-limiting circuit 
breaker. 


M. G. Leonard, Westinghouse Electric Corp., Pittsburgh, Pa. F. W. Gutzwiller, General Electric Co., Auburn, N. Y. 


Electro-Technology 1961 October p 122 7 pp Electro-Technology 1961 October p 130 212 pp 
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e Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3x5 cards 


%& Reprints available—see pages 162 and 170. 


For your copy of the ELECTRO-TECHNOLOGY Subject classification for Indexing, circle Number 938 on postcard at end of book. 


Components, Electrical /Electronic 
Semiconductor Devices 
Microwave Components 


Your Classification: 


Trends in Semiconductor Devices for 
Microwave Applications 


\ review of the latest developments in transistors, diodes, 
tunnel diodes, parametric amplifiers, etc. Specific information 
on the capabilities of various types at microwave frequencies. 


M. Tenzer, U. S. Army Signal Research and Development 
Lab., Fort Monmouth, N. J. 


Electro-Technology 


Components, Electrical/Electronic Your Classification: 


Magnetic Components 


A-C Solenoid Application 


In selecting an a-c solenoid, there must be a proper balance 
between application requirements and inherent solenoid char- 
acteristics. A procedure is developed for selecting, as closely 
as possible, the correct solenoid for a particular application. 
Several examples illustrating the procedure are given. 


I. Gebel, Controls Co. of America, Schiller Park, Il. 


Electro-Technology 


RESEARCH HORIZONS this month .. . 


Beyond its intricate and profound political and economic 
implications, the future of space communications depends on 
the solution of many inter-related scientific and engineering 
problems. A summary of a British IRE symposium on the 
subject reviews some of these hard-core problems, including 
those on the system and sub-system level. . . . The use of 
simulated circuit parameters is described as a means for the 
successful application of inductors in microminiaturized design. 
’ Research developments and practical possibilities for 
platinum-alloy permanent magnets are detailed. . . . A new 
sub-department—RESEARCH MICRO-NOTES—=makes _ its 
bow. 

Radio Techniques and Space Research 

Simulated Inductances ....... 

Platinum-Alloy Permanent Mag 

Research Micro-Notes 


OCTOBER 1961 


Science and Engineering Your Classification: 


Mathematics 
Network Analysis 


% Hyperbolic Functions 


The hyperbolic functions and the inverse hyperbolic func- 
tions are defined entirely in terms of the ascending ex- 
ponential function e* and the descending exponential function 
e-*. All algebraic and trigonometric properties and their as- 
sociated operations are derived from the basic definitions. The 
utility of the hyperbolic functions is demonstrated in solutions 
of the classical transmission-line problem. 


\. D. Kraus, Sperry Gyroscope Co., Great Neck, L. I, N. Y. 


Electro-Technology 1961 October p 87 6 pp 


Motors Your Classification: 
Fractional-Horsepower 

Systems 
Control Case Histories 


Shading Coils Energized for 
Motor Control 


Continuous control of a small reversing drive uses a shaded- 
pole motor with energized coils in place of the customary 
short-circuited single turns. Circuit principles and application 
are described. 


C. Kasparian, The Strong Electric Corporation, 87 City Park 
Ave., Toledo, Ohio 


1961 October p 120 2 pp 


Electro-Technology 


COMING UP... 


The November issue Science & Engineering article will be: 
Analytic Functions of Complex Variables, Also in Novem- 
ber: Sileon Fused-Alloy Power Transistors, Mechanical 
Vibration Testing, Synchronous Motors, Digital 
Matchers, Thermistor-Resistor Temperature-Sensing De- 
vices, Man as a Link in the Control Loop, a staff report on 
Global Communications—State of the Art, and Cryogenic 
Materials Specifications, a companion-piece to the Septem- 
ber-issue article on cryogenic environments, phenomena, and 


applications. 





For Long Life and Power Economy 


the N FW 
CILAIRIE Larcuine 


SUBMINIATURE 


crystal can 


RELAY 


The new CLARE Type LF, magnetic latching subminiature relay 
offers designers simplified circuitry in small space by providing latching 
effect without transistors. Magnetic latching results in power economy. 


The Type LF is available with either 2-coil or 1-coil configuration. 
The 2-coil relay allows complete control of the latching operation 
within the relay and provides an extremely compact operating unit. 
The 1-coil relay is somewhat more sensitive; it is adaptable to 
existing circuits where outside control is provided. (See opposite 
page for specifications and circuit diagrams.) The Type LF provides 
the same wide range of mounting arrangements and terminals 
as the CLARE Type F relay. 


maT ne ra Type F Subminiature 
OPERATION Crystal Can Relay 





TYPE LF 


4 
| 


2-Coil Circuit 
Diagram 


relay shown (cover removed) is 
the 2-coil design which controls 
the entire latching operation 
within the relay. Shown twice 


actual size. 


PHYSICAL FEATURES 


Life Expectancy 
Wet Circuit: 
3.0 amperes, 28VDC resistive—100,000 operations 
2.0 amperes, 28VDC resistive—250,000 operations 
1.0 ampere, 28VDC resistive—1 ,000,000 operations 
1.0 ampere, 28VDC inductive (100 millihenry)—100,000 
operations 
1.0 ampere, 115 VAC resistive—100,000 operations 
Dry Circuit: 
1,000,000 miss free operations when subject to 
conventional dry circuit requirements. 


Temperature—+125° C to —65° C 
Shock—100g's for 1/2 sine wave 11+ 1 MS pulse 
Linear Acceleration—100g's minimum 
Vibration—.250” DA or 30 g's, 5-2000 cps. 
Humidity & Salt Spray—MIL-R-5757D 


Enclosures: Tinned brass cover with fungus-resistant 
finish. Hermetically sealed and filled with dry 
nitrogen at atmospheric pressure. 


Contact Arrangement—2PDT latching 
Terminals—Plug-in (3/16” straight), solder hook, 3” straight 
Wiring—Two coils (as shown on drawing above) 
One coil (as shown on drawing above) 
Weights—.54 oz. for plug-in 
62 oz. for 2 studs, 3” leads 


oso 


1-Coil Circuit 
Diagram 


Operate Time—Two coil: When applying—for a minimum of 5 
milliseconds—a voltage of at least two times the must operate 
voltage, the operate time including bounce will not exceed 
5 milliseconds. One Coil: operate time will not exceed 8 
milliseconds. 


Sensitivity—Two coil, approximately 150 milliwatts 
One coil, approximately 75 milliwatts 


Dielectric Strength 
Sea level: 1000 volts rms—all terminals to case 
1000 volts rms—between contact sets 
600 volts rms—between open contacts of a se’ 
70,000 ft: 350 volts rms—all terminals to case 


insulation Resistance—1000 megohms minimum at +125° C be- 
tween any two terminals and between all terminals and case. 


Maximum interelectrode Capacitance— 
Closed COMmtNOR 30 GOOG. sic once ccs es 3.7 picofarads 
Cometh COUR We es ov cn ddaaseva wes 2.0 picotarads 
Between contacts of a set.................0.055 2.0 picofarads 
Between adjacent contact sets................. 3.5 picofarads 


Maximum Coil Dissipation 
Two Coil: .50 watts at +125° C 
-75 watts at +25°C 
One Coil: 1.25 watts at +125° C 
2.0 watts at +25° C 
Standard Adjustment—Relay will operate and hold when the 
must operate voltage is applied 
Contact Resistance: 
Maximum: 50 milliohms at 6 volts, 100 milliamperes. 
Typical: 25 milliohms at 6 volts, 100 milliamperes. 


For coil and mounting data on CLARE Type LF relay send for 
CPC-12. Address: C. P. Clare & Co., 3101 Pratt Bivd., Chicago 
45, Illinois. In Canada: C. P. Clare Canada Ltd., 840 Caledonia 
Road, Toronto 19, Ontario. Cable Address: CLARELAY. 


C. P. CLARE & CO. Relays and related contro/ components 
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save space 


STYLE CA 
FUSE CLIPS : 
we 
ae 


Easy-to-read marking 
strip accepts writing 
or engraving. 


STYLE CB 


for wire sizes 
12 to 4. 


Snap type lock 

permits quick 

assembly. ‘I o 
ns 


for a sizes ‘ i : ia * Fuse blocks for pilot 
14to8 : F _ circuits. For fuse ratings 
f up to 15 amp, 125 v. 


Barrel type terminals on 


Press-to-lock end blocks for wire sizes 12 to 4. 


clamp—results in 
neat, flush end 
mounting. 

=, 


All terminal blocks—in any size 
-fit on the same mounting strip. 


, 


Here’s a completely new idea in terminal blocks—a compact design that 
allows more blocks per foot. On-the-job assembly is simple—just press 
the nylon blocks onto the metal mounting strip, and they automatically 
lock themselves securely in place. Another exclusive feature—individual 
ona units can be easily removed from anywhere in the strip. ..and replaced 
Screw type ... without sliding all blocks off the end of the mounting strip. Plug-in 
terminals available end barriers are available for each block size. With mounting holes 
=> — % tog. provided in the strip at each terminal block, a long assembly can be so 

securely fastened that there will be no “give” to the entire line. 
Mounting hole Mounting strips for these new terminal blocks are furnished in six-foot 
he alpen lengths, which can be broken to any desired size. Each six-foot strip 
anchors needed. mounts 175 Style CA blocks, or 115 CB blocks, and is furnished in this 
length completely assembled. All components used in the assembly of 
Scored mounting strip these terminal blocks are available as individual units, sold in standard 
can easily be broken off package quantities. Please write today for more complete information 


—without tools—at any on these new “spacesaving” Bulletin 1492 terminal blocks, 
desired length. 


ALLEN -BRADLEY | Soren" 


Member of NEMA CONTROL 
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Radio Techniques and Space Research 


British IRE symposium examines multi-aspect problems of space com- 
munication via earth satellites: overall systems and frequency alloca- 
tion problems; questions of weight, size, orbital configuration and 
reliability; bandwidth, interference modulation, and power require- 
ments; problem of compatibility with existing communications systems. 


Fitting satellite communications into 
the frequency spectrum is a problem 
requiring the utmost in careful, long- 
term planning. Already, the FCC has 
put all microwave users in this country 
on notice that changes in current usage 
may be necessary to meet all the re- 
quirements for space communications 
needs. While a preliminary investigation 
to determine frequency allocation for 
space communications was_ recently 
initiated here in the United States by 
the Joint Technical Advisory Committee 
of the Institute of Radio Engineers 
and the Electronic Industries Associa- 
tion, a symposium of considerable im- 
portance dealing with the overall prob- 
lems of “Radio Techniques and Space 
Research” was also held July 5, 1961 
at Oxford University, under the spon- 
sorship of the British Institution of 
Radio Engineers. Papers ranging from 
the systems planning through require- 
ments and limitations of communica- 
tion satellites to subsystem designs 
such as maser amplifiers were pre- 
sented. 

e Captain O. F. Booth, Deputy Engi- 
neer-in-Chief of the British Post Office, 
discussed the “International Aspect of 
Satellite Communications and Systems 
Planning.” He reminded those present 
of the forthcoming CCIR (International 
Consultive Committee on Radio) to be 
held in New Delhi in 1963, which will 
deal with the general problem of in- 
ternational agreement on frequency al- 
location for world-wide satellite com- 
munications. While the CCIR will pre- 
pare the technical basis for interna- 
tional agreement, the next step will 
require an Administrative Radio Con- 
ference of the ITU (International Tele- 
communication Union). Captain Booth 
also pointed out the need for interna- 
tional agreement on r-f channel ar- 
rangements, modulation and baseband 
characteristics. There is need for studies 
of interference aspects, both between 
satellite systems and other radio serv- 
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ices sharing the same bands. There 
will also be need for an agreement on 
other aspects, such as tracking proce- 
dures, satellite-to-satellite switching in 
non-synchronous systems, and _ traffic 
routing and handling. It is of great 
importance, therefore, that these studies 
should be pursued vigorously. 

e The reception of acceptable signal- 
to-noise ratios, the general aspects of 
satellite reliability, and an examina- 
tion of various modulation systems were 
discussed by W. L. Wright and S. A. 
W. Jolliffe of the Marconi’s Wireless 
Telegraph Company. 

The conservation of signal and the 
reduction of noise and interference 
dominate the satellite communication 
problem. For this reason, it is import- 
ant to design so that maximum use is 
made of the available power and band- 
width, with a view to obtaining a sys- 
tem with an economically acceptable 
information capacity. The available 
system capacity is determined by such 
factors as type of satellite, orbital con- 
figuration, choice of frequency, method 
of stabilization, type of receiver, an- 
tenna configuration, and modulation 
technique. Some of these factors were 
reviewed in detail. Also covered were 
low-noise preamplifiers, frequency fol- 
lowing, and phase-locked receivers as- 
sociated with the ground terminal. 

In considering modulation — tech- 
niques, single sideband, wideband FM, 
and pulse-code methods were analyzed. 
The conclusion was reached that pulse- 
code systems (together with informa- 
tion processing) possess distinct ad- 
vantages and more nearly approach the 
ideal expressed by the Hartley-Shan- 
non law. 

Reliability was discussed as a prime 
factor in the economics of satellite 
communication. 


Beginning in this Issue: 
RESEARCH MICRO-NOTES 


see page |6. 


It was concluded that a satellite in- 
tercontinental communications system, 
carrying 600 telephone channels or a 
television picture, could be designed 
to give the required quality of service 
with the satellite transmitter power not 
in excess of 5 watts into an omnidirec- 
tional antenna in a system bandwidth 
not greater than 50 mc/s for each di- 
rection of transmission. 

e With the advent of successful low- 
noise amplifiers, the limit of system 
performance is not the receiver noise 
itself, but rather the ambient noise 
background against which the signal 
is sought, together with the noise gene- 
rated from the antenna, transmission 
lines, and other components of the 
complete system. C. R.  Ditchfield, 
British Ministry of Aviation, in his de- 
scription of the overall system require- 
ments for noise performance, pointed 
out that for a ground system receiving 
signals from a satellite, considerations 
of galactic noise and atmospheric at- 
tenuation lead to a choice of wave- 
length in the centimeter band. The 
optimum frequency for satellite-to- 
satellite communication would be much 
higher. The practical limits which may 
be achieved in the various components 
of a microwave system were discussed 
and the overall performance was as- 
sessed. 

e L. F. Mathews of the Associated 
Television Ltd., in his presentation of 
“Television Communications Using 
Earth Satellite Vehicles,” presented an 
elementary description of the means 
whereby a satellite may be maintained 
in an orbit around the earth, and also 
discussed the problems associated with 
placing the vehicle in its orbit. 

This was followed by a consideration 
of the choice of an orbit, of the signal 
carrier-frequency best suited for tele- 
vision satellite relays, and of the type 
of equipment likely to be employed— 
such as traveling-wave tubes, masers 
and micromodule components. 

Following a survey of experience thus 
far gained with operational weather 
satellites, including Tiros I and II, the 
paper concluded with a speculation on 
further developments toward television 
transmission and relays, using the space 
vehicles and random dipoles in orbit. 

e At the heart of the satellite prob- 
lem lies the question of structure, ma- 
terials, temperature control, power re- 
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quirements and (ultimately) weight, 
which is related to the overall payload 
and rocketry problem. B. Buss, of 
Hawker Siddeley Aviation Ltd., touch- 
ed on several of these problems in his 
presentation of “Engineering Prob- 
lems in the Design of Communication 
Satellites.” 

The solar cell, because of its size, 
weight and energy-rendering character- 
istics, is currently the most practical 
known power source for terrestrial 
satellites. The weight of an array of 
solar cells is proportional to the power 
which it is capable of supplying. Also, 
the weight of a transmitter of a given 
type is related to its power output. 
Since the total weight of a satellite is 
limited to the payload which can be 
placed in orbit by a given booster, it 
follows that there is a definite upper 
limit to the power which can be sup- 
plied to the satellite’s electronic equip- 
ment. This, in turn, is dependent upon 
the orbit chosen and whether the satel- 
lite is sun-stabilized for minimum cell 


Research NO@ se00»m0n 


CONSIDERABLE PROGRESS has been made by 
various concerns in the miniaturization of 
components such as transistors, capacitors 
and resistors through the use of thin-film 
techniques. The degree of miniaturization 
of inductors has not been as great, how- 
ever, being limited thus far to the use of 
improved ferrite-cored, toroidal windings. 
One way of overcoming the miniaturiza- 
tion problem with inductors is to obtain 
inductance characteristics by simulation. 
This can be done by using transistors as 
active elements with feedback circuits ad- 
justed to yield (between a pair of termi- 
nals) a net impedance which looks induc- 
tive. The amount of inductive reactance 
and associated resistance can be controlled 
by means of the feedback parameters and 
the gain of the active elements. 

e@ Basic Circuit. A network which will 
produce the described effect is shown in 
Fig. l(a). The vector diagram in Fig. 
l(b) illustrates the theoretical behavior 
of the circuit under the condition that 
Xo << R, and X,<<Z,,. It is also as- 
sumed that the frequency of operation is 
low enough that no significant phase shift 
exists between the base and collector cur- 
rents. 

@ Simulated Inductance. The following 
equation approximates the impedance seen 
at terminals A-A’: 


Zr = Rs + jX1s 
3 R, 8+R,_+e2CR R, + JoCR,R, 
1+ @CR: —— 1) 


Calculations using Eq (1) were compared 
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array, or earth-stabilized for maximum 
antenna efficiency. 

The type of structure, materials and 
surface finishes employed are controlled 
by such factors as the launch vibrations 
and accelerations, and (in orbit) by the 
effects of high-energy radiation, erosion 
by solid particles, sublimation and fric- 
tion of moving parts in a hard vacuum. 
Very little is at present known about 
these subjects, so that the life and re- 
liability problems appear formidable 
with little prospect of any true time or 
physical simulation on earth. 

Temperature-control problems arise 
from the limitations of the electronic 
equipment and the solar cells used, 
and may be overcome by varying the 
radiation characteristics of the satel- 
lite’s surfaces. 

e The general principles and con- 
struction of the optical maser were re- 
viewed in a paper given by P. Hlaw- 
iczka of the A.M.I.E.E. In it, the author 
considers the expected and achieved 
performance of the traveling-wave 
maser with respect to gain, noise 
factor, and frequency of operation. 

e North American contributions to 
the symposium came from: 

1. J. C. Scott of the Defense Re- 


search Board of Canada, who described 


the satellite under construction at the 
Telecommunications Establishment. The 
satellite will be utilized to explore and 
measure the regions of the ionosphere 
above the F layer; 

2. John D. Niccolaides of the U. S. 
Bureau of Naval Weapons, who dis- 
cussed an economical and timely tech- 
nique for conducting radio research in 
space. The author pointed to the ex- 
orbitant cost of launching probe ve- 
hicles and described, by contrast, a 
low-cost launching technique imple- 
mented by the U. S. Navy. The tech- 
nique employs an aircraft and rocket 
combination which can place a 20-lb 
satellite in orbit. 

3. H. T. Hayes of Space Technology 
Laboratories Inc., who delved into the 
design evolution of a space communica- 
tion system from the initial design con- 
cept to its performance in orbit. The 
paper was concluded with a brief dis- 
cussion of current work being con- 
ducted at STL to improve the efficiency 
and reliability of space communication 
systems. 


Acknowledgment: The cooperation of 
the British Institution of Radio Engineers 
in providing advance copies of abstracts 
of the papers reviewed here is acknowl- 
edged. 
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Simulated Inductances 


with several experimentally determined 
impedances and were found to check 
within reasonable limits. Using a 2N346, 
with a d-c value for 8 of 10 at the operat- 
ing point, the circuit shown in Fig. 1(a) 
yielded values of inductance from 100 


Fig. 1 — Cireuit (a) and vector diagram 
(b) for a basic simulated inductance. 


microhenries to 150 millihenries and cor- 
responding Q’s from 1 to 0.01 with varia- 
tions of the feedback parameters. 

Both experimental data and mathemati- 
cal analysis indicate that high Q’s cannot 
be obtained with the circuit shown in Fig. 


Fig. 2— Circuit (a) and vector diagram 
(b) of inductance circuit with an actual 
inductance added to improve the Q 
factor. 
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Fig. 4— Voltage response of an actual circuit built to conform to Fig. 3. 


l(a) using practical transistors. Condi- 
tions for a high-Q circuit dictate that the 
capacitive reactance from base to ground 
must be very small compared to the input 
impedance of the transistor. This being 
the case, however, the feedback signal 
sees a low-impedance path from base to 
ground and only a small lagging compo- 
nent of current is produced in the collector 
circuit, 

If the impedance of the capacitor is in- 
creased to get more signal through the 
transistor, the phase angle between the 
input and output signals is reduced. Ref- 
erence to a vector diagram will show that 
both of the above conditions produce a 
low Q because they decrease the phase 
angle, ¢, between i;, and e. Naturally, 
this angle should be 90 deg for a lossless 
inductive reactance. 

The value of Q can be obtained by re- 
arranging Eq (1) as follows: 

Yis RR, 


Q= =— —— 
Rs X((Ri/8B + Rr + RiR12/ Xe?) 


If an optimum value of Q is obtained 


with respect to the ratio R,/X,, the fol- 


lowing is the expression for Q,,...: 


Qmax = 1/2(1/8 — Ri/R)7"" 


For reasonable values of the variables in 
this equation, Q,,,, does not exceed a 
value of 7 (for B = 200 and Rj/R, >> 
200), which is far below a practical value 
for most applications. The equation for 
Qinrax also shows the dependence of Q 
upon the beta of the transistor. 

@ Circuit with High Q. The inability to 
obtain high values of Q with the circuit 
in Fig. 1(a) led to investigation of the 
circuit shown in Fig. 2(a), which differs 
only in that a coil has been added in the 


Fig. 3 — The circuit of Fig. 2(a) with a 
second transistor used to replace the 
inductor. 


emitter circuit. This coil introduces the 
additional phase angle, 9, shown in Fig. 
2(b). If @ is made large enough, i,,, will 
lag e by more than 90 deg. and the imped- 
ance at terminals B-B’ will look like —R, 
+ jX;,,. The negative resistance can be 
used to reduce external circuit losses and, 
under proper conditions, can be adjusted 
to produce self-oscillation near a frequency 
determined by the simulated inductance 
and external tuning capacitance. 

It was found that an emitter coil with 
a Q of about | was sufficient to produce 
a high-QO inductance at terminals B-B’. 
This being the case, a circuit similar to the 
one in Fig. 1(a) was substituted for the 
physical coil. The result is shown in Fig. 
3. 

The value of the impedance, Z,, can 
be obtained from the following equation: 
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Fig. 5—Circuit for a 2-stage i-f ampli- 
fier using simulated inductances. 


where 8 applies to the upper transistor 
and L is the value of the simulated induc- 
tance substituted for L,. It is assumed that 
R,, is the effective series emitter resistor 
which includes losses associated with L,. 
This equation for Z, was compared with 
experimental measurements of impedance 
and found to agree with reasonable ac- 
curacy. The equation also indicates the 
possibility of obtaining a negative resist- 
ance. Impedance Z, was found to be de- 
pendent on both the frequency and ampli- 
tude of the applied signal. 

e Practical Applications. An actual cir- 
cuit was constructed according to Fig. 3 
using 2N502 transistors, a 22.5-volt supply 
and a 15 k load impedance. An external 
tuning capacitance of 118 pf was placed 
across terminals B-B’. The measured rela- 
tive voltage response is shown in Fig. 4. 

A 2-stage, 455-ke amplifier was also con- 
structed using the simulated inductance 
whose circuit is shown in Fig. 3. The cir- 
cuit of the amplifier is shown in Fig. 5. 
The characteristics of the amplifier were 
measured while it was connected to an 
8.2 k resistive load to approximate the 
second detector impedance. Then the am- 
plifier was substituted for the i-f stage 
of a standard receiver. Since no auto- 
matic gain control was incorporated, the 
set overloaded on strong signals, but the 
reception of weaker signals was fairly 
good with performance comparable to 
that of the unmodified receiver. 

Editor's Note: This Research Note was 
taken, with the authors’ permission, from 
an internal report of the Philco Corp., 
written by L. Gugliotti, J. W. Waring, 
J. F. Bogusz and J. C. Tellier. O00 


R,/B + Rt + LOR, (WLC vo. _ )+ Jo L — wL?C — RC + RRC) 


Zr = 


1+ wO@LC — 2L + RC) 
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THE PRESENCE of strong ferromagnetic 
properties in certain cobalt-platinum alloys 
has been accepted for many years. It has 
been shown that alloys in the neighbor- 
hood of 50 atomic per cent are subject 
to ordering on cooling below 825 C and 
that, after a heat treatment which intro- 
duces partial ordering, these alloys have 
pronounced magnetic properties. 

The exact magnetic properties of the 
cobalt-platinum alloys can be varied ap- 
preciably by slight adjustments in com- 
position and changes in heat treatment. 
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Platinum-Alloy Permanent Magnets 


In this way, Johnson, Matthey Research 
Laboratories (England) produced an al- 
loy with outstanding magnetic properties 
(Table I) and good workability—Platinax 
II. Thus, the design of powerful magnets 
of complicated shape or very small size 
becomes practicable. This represents a 
significant advantage over base-metal mag- 
netic alloys, most of which are brittle and 
can be worked only by grinding methods. 
The high intrinsic cost of the alloy can 
therefore be accepted where miniaturiza- 


tion in a very strong magnet makes it 
necessary to design a permanent magnet 
consisting (for example) of a small piece 
of wire, a thin disk, or a small part pro- 
duced from rod or strip. 

A correctly heat-treated piece of this 
alloy, when fully magnetized, will have a 
remanence (B,) of 6400 gauss, a coercive 
force (H_,,) of 4800 oersteds, and an energy 
product (BH,,,,) of 9.2 megagauss-oer- 
steds, A typical demagnetization and en- 
ergy-product curve is shown in Fig. 1 for 
a magnet that has been given a thermal 
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treatment to yield the maximum value 
for B X H. 

The hysteresis loop of a magnetic ma- 
terial shows graphically the relation be- 
tween flux density and magnetizing force. 
The area of a complete loop is a measure 
of the energy expended in taking the 
magnetic material through a complete 
magnetic cycle to its saturation point in 
both directions. The whole loop is of im- 
portance when considering soft magnetic 
materials. However, in the case of perma- 
nent-magnet materials, it is the second 
quadrant, or demagnetization curve, that is 
of interest to designers. Two characteristics 
of particular importance are the reman- 
ence, B,, when the magnetizing field is 
returned from a value sufficient to saturate 
the magnet back to zero, and the coercivity, 
which is a measure of the opposing field 
required to reduce the field of a previously- 
saturated magnet to zero. 

The energy product, or B & H curve, 
enables the optimum working point of 
a magnetic material to be seen at a glance. 
It is shown in Fig. 1 by the dotted lines 
and indicates the design values (B,; = 
3400 gauss and H, = 2700 oersteds). A 
magnet designed to work at this point will 
have the smallest volume consistent with 
the field strength required. 


Magnetizing Procedure 


A field strength of at least 20,000 oer- 
steds is required to develop the maximum 
magnetic properties in the new cobalt- 
platinum alloy discussed here. This is 
because the very high coercive force of 
this alloy acts as a resistance to magneti7- 
ing, just as this same property makes the 
alloy, once magnetized, very difficult to 
demagnetize. 

Magnetizing cylindrical or rectangular- 
shaped pieces can be achieved by placing 
them between the poles of an electromag- 
net, but the length of magnets which can 
be made by this method is limited because 
of the high field strength required across 
the gap. 

Larger magnets can be made by placing 
them in the core of a coil consisting of 
a few turns of heavy-section copper wire 
through which a current of several thou- 
sand amperes can be passed for a very 
short time. Such heavy currents can be 
obtained by discharging a bank of capaci- 
tors through the coil. This method is 
generally referred to as “pulse magnetiz- 
ing.” The techniques can also be used to 
make horseshoe and ring magnets where, 
instead of using a coil, a single straight 
copper bar is passed through the center of 
the part to be magnetized. The gap be- 
tween the magnet poles should be closed 
with a piece of soft iron or Permendur 
during magnetizing to reduce the reluc- 
tance of the gap. 


Effect of Temperature Cycling 


During normal service, it is possible for 
magnets to be subjected to repeated 
changes in temperature. This may be due 
to changes in ambient temperature. A 
series of tests has been carried out on 
Platinax I] magnets made from both cast 
and worked material to find the effect of 
temperature cycling between —40 and 
+70 C. The values for remanence and 
coercivity were first determined at room 
temperature. the samples were then cooled 
to —40 C, allowed to reach room tempera- 
ture again, then raised to +70 C, and 
finally allowed to cool to room tempera- 
ture. This treatment caused a small drop 
in both remanence and coercivity, but 
further cycling of the same samples be- 
tween —40 and +70 C caused no further 
change. Magnets required for use over a 
known temperature range can, therefore, 
be stabilized by a single cycle between the 
two extreme temperatures. 


Elevated Temperature Properties 


These magnets can be used at elevated 
temperatures, although some loss in flux 
density results. Figure 2 shows the losses 
that occur when magnets are maintained 
at temperatures up to 350 C for periods 
up to 1000 hr. The major loss in flux oc- 
curs during the first few minutes at tem- 
perature. 

At temperatures up to 250 C, no damage 
is done to the inherent magnetic properties 
and magnets can be remagnetized to almost 
their original strength, the small drop in 
energy product (BH,,,.) resulting from 
a loss in coercive force (H,). At 350 C, 
however, there is some permanent damage 
to inherent magnetic properties after 1000 
hr, which is probably the result of in- 
creased ordering of the crystal structure. 
On remagnetizing after the 1000-hr treat- 
ment at this temperature, the values ob- 
tained for remanence and coercive force 
are lower than the original values and 
there is, therefore, a permanent drop in 
the energy product. Table I] shows the 
initial and final values for B., H,, and 
BH... for samples heated for 1000 hr at 
temperatures up to 350 C. It can be seen 
that, even after this latter treatment, the 
magnets are still very powerful, having 
a B. of 6230 oersteds, H, of 4600 gauss, 
and BH,,,, of 8.35 10° gauss-oersteds. 
At temperatures above 350 C, the losses 
would presumably increase more rapidly 
with temperature as further ordering took 
place, until the transformation temperature 
of the alloy was reached at 825 C. 

Since most of the loss in flux occurs in 
the early stages of heating, magnets re- 
quired for use at elevated temperatures 
can be stabilized by a short heat treat- 
ment for about 2 hr at the highest tem- 
perature likely to be reached in service. 


Table I! — Properties on Remagnetization after 1,000 Hours at Elevated Temperatures 


Initial 


Remagnetization value after 1,000 hr 





Property value 


Remanence (B,), gauss 6400 | 
Coercive force (H.), oersteds 4800 | 
Energy product (BHmsx) | 9.2 X 10° 
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120¢ | 200 C | 250 C | 350 C 


6400 6400 | 6360 6230 
54770 
8.9 X 10° | 8.8 X 10° 8.6 X 10° | 8.4 X 10° 


| 4650 | 4620 4600 


Editor’s note: This article is abstracted 
from “Platinum Alloy Permanent Magnets,” 
by R. A. Mintern, Johnson, Matthey & Co., 
Limited, London, England, and appeared 
in the July 1961 issue of Platinum Metals 
Review. 


Fig. 1 — The demagnetization and energy- 
product curve indicates the design point 
for Platinax II cobalt-platinum alloy. The 
dotted lines show that a magnet will have 
maximum energy if designed to operate 
at the point where B, = 3400 gauss and 
H_,, = 2700 oersteds. Such a magnet would 
have minimum volume consistent with 
the field strength required. 








Working flux density, 


Time ot temperoture , 


Fig. 2—Effect. of maintaining coballt- 
platinum magnets for long periods at 
temperatures up to 350 C; some loss in 
flux density results. 


Table | — Typical Properties of Platinax Il 


Remanence (B,), gauss 6400 
Coercive force (H.), oersteds 4800 
Energy product (BAnax), 
gauss-oersteds 9.2 X 10° 
Flux at BHmax (Bu), gauss 3400 
Demagnetizing force at 
BHinax (Ha), oersteds 2700 
Force required for full 
magnetization, oersteds 
Curie temperature, deg C 
Resistivity: 
annealed, microhm-cm 42.4 
heat-treated, microhm-cm 30.2 
Hardness (V. P. N.): 
annealed 
heat-treated 
Coefficient of linear expan- 
sion (0-100 C), perdeg C | 9.3 x 1076 
Specific gravity 15.5 
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COMPLETE, COMPACT “PACKAGE” DRIVE SYSTEMS ON DEMAND. 


ACF ADJUSTABLE SPEED CONTROLS require no warm- 
up time—respond instantly to remote or local 
control signals or load changes. Low-voltage-drop 
Silicon Controlled Rectifiers and patented ACF 
Magnetic Triggering ‘nerve center” eliminate need 
for tubes or MG set—insure silent operation and 
longer life. ACF drive systems, easier to install 
and maintain, are superior in any application 
requiring adjustable speed at constant torque. 


ACF STEPLESS MOTOR CONTROLS, operating from an 
AC source, are smaller, lighter, more economical 
than competing systems—give smooth, precise 
regulation over a wide range of speeds regardiess 
of load variations. ACF drive systems, for both 
fractional and integral HP operation, are available 


as off-the-shelf items. For full information, write or ~ 


call Paramus Plant. 11 Park Place, Paramus, N. J., 
telephone: COlfax 1-4100. 


ACF ELECTRONICS 


DIVISION 


ACF INDUSTRIES 
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more flexibility 
in power switching 
with 


“Blue Line” 
Rotary Switches 


These compact units switch from 20 
to 200 amps—manually or remotely. 
Horsepower ratings to 140 H.P. 


Concentrated control — up to 48 
contacts on a single switch. You can 
eliminate relays, contactors, and 
interlocks. Life exceeds five million 
operations. 

Wide selection of contact arrange- 
ments, mountings, enclosures, 
escutcheons, handles, attachments, 
and accessories — thanks to modular 
design. Modules stocked for quick 
assembly at authorized service cen- 
ters. No delivery delays for unusual 
assemblies . . . no increase in prices. 


Write for complete 
literature on the Blue Line. 


american solenoid 
company, inc. 


U.S. Highway 22, Corner Madison Ave., 
Union, New Jersey 
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Research Micro-Notes 


Commentary on Current Research Developments, 
Programs and Reports 


SUCCESSFUL OPERATION of a pulsed ruby 
optical maser as a light amplifier is re- 
ported by Bell Telephone Laboratories. 
Experimental circuit hinges on use of 
two ruby masers in tandem: one as the 
oscillator signal source, the other as 
the amplifier. A collimator is so em- 
ployed that the entire signal is effec- 
tively beamed into the amplifier, then 
passed to a photomultiplier tube. Input 
and output signals are displayed on a 
dual-beam oscilloscope. Amplification 
of light by a factor of two was observed. 
; Newest development in General 
Electric work on laboratory-made dia- 
monds is a semiconducting variety. Also 
announced is a semiconducting type of 
borazon (a cubic form of boron nitride. 
in structure similar to the diamond). 
Semiconducting characteristics are at- 
tained by controlled addition of certain 
impurities, such as boron, beryllium, or 
aluminum. 

Extreme-temperature space applica- 
tions for pyrolitic graphite and tungsten 
are widened by joining techniques an- 
nounced by Hamilton Standard Divi- 
sion, United Aircraft Corporation. 
An electron-beam welding method is 
claimed to result in higher joint 
strengths than fusion-bonding methods. 
Other advantages: instantaneous heat- 
ing and cooling of workpiece and 
closely confined weld area. . . . Con- 
tinuing research in pyrolytic graphite 
by General Electric’s Metallurgical 
Products Department comes up with 
new properties in these materials, such 
as the ability to polarize infrared light. 

New process for casting large nylon-6 
(caprolactum) parts, announced by The 
Polymer Corporation, Reading, Pa., is 
essentially a simultaneous polymeri- 
zation and molding technique. For this 
reason it is described as a “monomer- 
cast” process. Process in brief: (1) 
monomer is melted under a gas blanket, 
(2) monomer is mixed with catalyst, 
(3) catalyzed monomer moves to a 
mold where it polymerizes and hardens 
to the required configuration. Process 
takes place under atmospheric pres- 
sure. Polymer Corporation sees com- 
parative advantages as follows: “un- 
limited” maximum part weight, higher 
production rates, competitive unit 
prices. Process is not economical for 
small parts. 

Simplified fuel cell design by Yardley 
Electric Corporation is based on the use 
of radio isotopes as catalyst for the 
oxygen electrodes in a low-temperature 


alkaline electrolyte. Current density of 
150 ma/sq cm is sustained at polariza- 
tions of 0.2 to 0.3 volt. No change in 
voltage with time is indicated. Research 
is underway to determine ultimate oper- 
ating life. Sintered porous silver is 
used as electrode material. 

High degree of purity, density, and 
heat-shock resistance identifies a new 
formulation of magnesium oxide devel- 
oped by Minneapolis-Honeywell Regu- 
lator Company. Density (as fabricated) 
approaches 2 per cent of the theoretical 
maximum (3.52 to 3.55 gm/ce against 
3.576 gm/cc). Room-temperature trans- 
verse strength (as fabricated) is 32,000 
psi: at 1200 C it is 17,000 psi. Special 
polishing increases room-temperature 
value to 45,000 psi. Thermal conduc- 
tivity at 0 deg C is 0.09 cal/sq 
cm/sec/deg C; at 300 C it is 0.043. A 
good combination of electrical proper- 
ties is also reported. 


THIS MONTH’S COVER 


Electro-Technology 


At the heart of studies of the nature of 
electrical breakdown and its effects on 
insulation materials and systems is the 
electrode, in various shapes and made of 
various materials. Cover artist Jan Van 
Eerde’s abstract pattern of electrode con- 
figurations on a backdrop of a sheet of 
insulation aptly gives the theme for this 
month’s Science & Engineering article, 
“Electrical Breakdown in Solids and 
Liquids,” beginning on page 97. This is 
the second of a two-article series begun 
in February 1961 with “The Fundamental 
Nature of Electrical Breakdown,” which 
dealt with gases. 
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four styles of 


HOT MOLDED CARBON 
POTENTIOMETERS 


For smooth, noise-free operation and 
high stability ...The widest selection 
anywhere ... Designed to meet 


environmental and test requirements 


Centralab... producer of carbon potentiometers for over 35 years 





CENTRALAB'S 


(RV4 Style) 


Three ways better than other hot molded units 


MODEL N 


This intermediate size potentiometer has never before been 
offered. Rated at % watt, the Model “N” can replace 2 watt 
units in many military and commercial applications where size 
is important. 

A flush resistance track is protected against contamination 
by the raised rim of the insulating base. Although small in size, 
the model “N” also has carbon composition pick up and collect- 
or brushes for long noise-free operation. 

The one-piece metal case and bushing is spun over the 
molded insulating base to provide a near-perfect seal. Triple 
shaft seals and water-tight panel seals can be supplied. 


MODEL P (RV6 Style) 


Although much smaller than the Model “N”, the Model “P” is 
rated at 42 watt and is similar in external construction. 

The resistance track is hot molded, flush type. An outstand- 
ing feature of the Model “P” is the single carbon brush that 


serves both collector and pick-off purposes. The one-piece 
aluminum case is spun over the insulating base to provide a 
near-perfect seal. 

This unit meets all applicable military requirements. 


MODEL T 


This unique trimmer resistor, or locking-type trimmer potenti- 
ometer, is the only hot molded, single turn unit available on 
today’s market. Rated at ¥ watt, it has been designed primarily 
for printed-circuit board applications. 

The Model “T” has a positive screw actuated lock and is 
extremely resistant to shock, vibration and acceleration. 

These units can be encapsulated in a rigid resin without 
damage. 


1. Greatly increased high voltage capa- 
bility, due to the wide clearance be- 
tween the bushing and the collector 
track. 


2. Greater freedom from contamination 
of dirt, carbon particles and sealing 
compounds, due to the elevated resist- 
ance track construction. 


3. Exceptionally long noise free opera- 
tion that actually improves with use, 
provided by the carbon composition 
material of which both the collector and 
pick-off brushes are constructed. 


SPECIFICATIONS: 
RATING: 2 watts at 70° C. 


SIZE: 1-3/32” diameter, 37/64” deep from 
mounting surface. 


CONSTRUCTION: Completely enclosed. All 


metallic parts are non-magnetic and cor- 
rosion resistant. Available in tandem, 
triple or dual concentric construction. 


ROTATION: 312° +3°. 
TORQUE: 1.0 to 6.0 ounce inches 


RESISTANCES: Linear taper, 50 ohms to 
5 MEG. Log taper, 100 ohms to 2.5 MEG. 


SPECIFICATIONS: 
RATING: 3/4 watt at 70° C. 


SIZE: 23/32” diameter, 1/2” deep from 
mounting surface. 


CONSTRUCTION: Completely enclosed. All 
metallic parts are non-magnetic and cor- 
rosion resistant. 


ROTATION: 300° +3° 
TORQUE: 5.0 ounce inches average. 


RESISTANCES: Linear taper, 50 ohms to 5 
MEG. Log taper, 100 ohms to 2.5 MEG. 


SPECIFICATIONS: 


RATING: 1/2 watt at 70° C. 


SIZE: 1/2” diameter, 15/32” deep from mount- 
ing surface. 


CONSTRUCTION: Completely enclosed 
ROTATION: 290° +3°. 
TORQUE: 1.5 ounce inches. 


RESISTANCES: Linear taper, 100 ohms to 5 
MEG. Log taper, 500 ohms to 2.5 MEG. 


SPECIFICATIONS: 
RATING: 1/3 watt at 70° C. 


SIZE: 19/32” diameter, 11/32” deep from 
mounting surface. 


CONSTRUCTION: Open (however, rugged con- 
struction permits potting of all types). 


ROTATION: 300° +3°. 
TORQUE: Locking type. 


RESISTANCES: Linear taper, 500 ohms to 5 
MEG. 


A full range of vaiues of ali four types of Centralab hot molded carbon potentiometers 


fe 


IMMEDIATE DELIVERY FROM STOCK 


are available in quantity, from stock, through Centralab industrial distributorrs. 


HE ELECTRONICS DIVISION OF GLOBE 
SOO E KEEFE AVENUE 


in Canada: Centralab Canada Ltd 


UNION INC 
MILWAUKEE 1, WISCONSIN 
, P.O. Box 400, Ajax, Ontario 
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At Bell Telephone Laboratories, mathematician Sidney Darlington 
has contributed notably in developing the art of circuit analysis. 


IT HAPPENS IN THE MIND... 


... It as essentially a thing of the mind for it works through concepts, symbols and 


relationships .. . 


it helps man to analyze and synthesize the complex phenomena of the 


universe and himself... it works in many ways to advance electrical communications: 


IT IS CALLED MATHEMATICS 


At Bell Telephone Laboratories mathe- 
matics works powerfully to solve problems 
involving complex data. For example, engi- 
neers must design and synthesize complex 
systems to process specific signals in precisely 
controlled ways. At the same time the tech- 
nology provides a wide choice of circuits and 
components. Mathematical circuit analysis 
reveals the circuits which can do the job 
most efficiently and economically. 

Intriguingly, too, the mathematical ap- 
proach leads to basically new knowledge. For 
example, it led to the invention of the electric 
wave filter . . . disclosed a kind of wave trans- 


mission which may some day carry huge 
amounts of information in waveguide systems 
... foretold the feasibility of modern quality 
control ...led to a scientific technique for de- 
termining how many circuits must be pro- 
vided for good service without having costly 
equipment lie idle. 

In the continuing creation of new devices, 
technologies and systems, Bell Laboratories 
utilizes whatever serves best—mathematical 
analysis, laboratory experimentation, simula- 
tion with electronic computers. Together 
they assure the economical advancement of 
all Bell System communications services. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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This one versatile wire matches with PLUS values—in practically all 
respects—the properties of Class A, B and F rated film wires. 


Standardizing with Poly-Thermaleze* means reduction of your costs 
because this film wire upgrades all grades and permits, in most 
cases, interchangeability of grades as well as reduced inventories. 


Here are the PLUS values: 

1. HIGH TEMPERATURE CUT THROUGH — giving 
physicai-thermal protection between turns in 
service. 

2. CLASS “‘A” through CLASS ‘‘F plus’’—no heat 
shock. 

3. COMPATIBILITY —the highest order of compat- 


ibility with conventional varnishes including epoxy 
encapsulated systems. 


4. OUTSTANDING SOLVENT RESISTANCE—re- 
markable resistance to conventional varnish sol- 
vents. 


§. HIGH DIELECTRIC STRENGTH—highest volts/ 
mil of any wire available. 


DTT Ne 


Prd 
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Pale, 


6. EXCELLENT WET DIELECTRIC STRENGTH— 
best retention of electrical properties under ex- 
treme water conditions. 


7. HERMETICS—now performance proved in Re- 
frigerant 12 and 22. 


8. WINDABILITY—extreme flexibility and tough- 
ness. 


Experience has already proved that equipment 
using Poly-Thermaleze ‘‘lives longer’’ at normal 
operating temperatures. 


To obtain the PLUS values of Poly-Thermaleze, do 
not accept substitutes. Poly-Thermaleze was de- 
veloped by Phelps Dodge and is made only by 
Phelps Dodge and its licensees**. 


Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest answer! 


PHELPS DODGE COPPER PRODUCTS 


INCA MANUFACTURING DIVISION 


First for Lasting Quality—from Mine to Market! 


FORT WAYNE, INDIANA 


CORPORATION 


are the reasons why 
...Phelps Dodge 


Thermaleze 


sales go up...up...up! 


* Poly-Thermaleze®— Patents applied for. 


OCTOBER 1961 


*%* Licensees: Rea Magnet Wire Company, Inc., Division of 


Aluminum Company of America, and Essex Wire Corporation, 
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Abrasive Dust Didn’t Lick This Starter ...and on 
Your Equipment, It Will Meet Customers’ Toughest Requirements 


After two years in this tough application—covered with abrasive dust—these General Electric magnetic starters are stil: 
operating the block conveyor pictured above in a concrete block making plant. 


Wherever your machines or equipment 
are installed, General Electric starters can give this same outstanding performance that helps improve your product 
reliability. Result: fewer customer complaints caused by starter breakdown. Some of the reasons? Contacts are slanted 


so dust slides off. Horizontal wedge-action design reduces contact wear and bounce—helps prevent 


contact deterioration. Molded coil resists dust, oil, water, mechanical abuse. Plus many other 
MEASURABLE ADVANTAGES for you and your customers. Call your G-E sales engineer today, 
or write for GEA-7020. General Electric Co., Section 811-18, Schenectady 5, N. Y. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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Militarized and 
industrial types 
including flip-flops, 


clock drivers, AND 


gates, and shift 


» age 
registers. Mounting 
I) (; ’ i | cases for 72 or 250 
3 % eeu modules offering easy 

' R( | ( access to cards and 

J J wiring. Send for 

oe % Bulletin SP 120. 

ee OR 


A SUBSIDIARY OF PACKARD BELL ELECTRONICS 
1905 ARMACOST AVENUE « LOS ANGELES 25 CALIFORNIA 
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From Monsanto FluiDesign Service... 


NEW ‘“BLOOD” FOR 


Coolants for computers... 
designed inside the circuit! 


Pinpointed heat control will be 
more critical than ever in to- 
morrow’s big computers—to 
assure reliability for the new 
jobs they’ll be called upon to 


ditioned’’ room, or perhaps 
forced-air cooling, keeps tem- 
perature of circuits within 
bounds. But tomorrow’s tran- 
sistorized, unattended com- 
puters will service oil refining, 
chemical processing, production 
lines, radar interpretation—in 
environments from scorching 


ELECTRONIC 


guard these “‘big job” circuits 
with packaged fluid dielectric 
coolants—instead of bulky con- 
vection cooling or cumbersome 
forced-air systems. Precise heat 
control with fluids can make 
your equipment more reliable 

more salable—can help 
qualify electronic equipment 


perform. Today, an ‘“‘air con- desert to arctic blizzard. Safe- for many new tasks. 


MONSANTO FLUIDESIGN SERVICE OFFERS YOU: 


. Sophisticated application experience with fluids 

. Years-ahead research on new types of fluids 

. Time-saving facilities for testing new uses 

. More job-proven functional fluids than any other manufacturer in the world 


. Design-oriented know-how to help you develop more compact, safer, and 
more reliable equipment 


OPERATING 
TEMPERATURE 
RANGE 
(°F) 


MAXIMUM LONG 
TERM BULK 
TEMPERATURE 
(°F) 


TYPICAL PROPERTIES 
OF A FEW 
MONSANTO FLUIDS 


VISCOSITY 
(Centistokes 


@ °F) 


934 @ —65 
6.5 @ 100 
2.2 @ 210 


2400 @ —65 
12.2 @ 100 
3.95 @ 210 


1380 @ —65 
6.8 @ 100 
2.2 @ 210 


363 @ 100 
13.1 @ 210 


17.2 @ 100 fire 
2.5 @ 210 resistant... 


COOLANOL® 35 <—120 te >350 350 


COOLANOL 45 <—85 te >400 


0S-59 —65 to 600 


OS-124* +40 to 900 


AROCLOR® 1242 +40 to 600 


OS-80 (Preservative Fluid—non-operational 


75@0 
4.6 @ 100 
1.42 @ 210 


MONOISOPROPYL 


BIPHENYL* <a 


—65 650 315 


*RADIATION RESISTANT 


THESE COOLANTS ARE AVAILABLE NOW AND MANY OTHERS 
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BRAINS AND RADAR EYES 


Heat control to defy the 
arctic or tropics! 


If you are designing radar 
“eyes” to operate intelligence 
networks ranging from the 
frigid top of the world to the 


steaming tropics, you’ll want 
to check with Monsanto about 
coolant fluids that operate re- 
liably from below minus 80° F. 
to over 500° F. These fluids are 
chemically stable; won’t freeze 
or sludge; do not corrode cir- 
culating pumps or the vital 
**veins’’ of high-power klys- 
trons, magnetrons, traveling 


wave, or tropospheric scatter 
installations. Do you want the 
maximum reliability of pinpoint 
temperature control—with a 
minimum of mechanical and 
maintenance problems with the 
coolant? Monsanto fluids can 
help you reduce system com- 
plexity——while increasing sys- 
tem reliability. 


BE SURE TO GET 
YOUR FACT-PACKED 
FLUIDESIGN FILE. 
WRITE ON YOUR 
LETTERHEAD TO: 


NRSC 


Monsanto Chemical Company 
Organic Chemicals Division 
FiuiDesign Service, Dept. 4452C 
St. Louis 66, Missouri 


SPECIFIC 
HEAT 
@ 25°C or M. Pt. 
BTU /Ib /°F 


SPECIFIC 
GRAVITY 
@, 25°/25°C 
or M. Pt. 


COEFFICIENT 
OF THERMAL 
EXPANSION 
(per °F) 


THERMAL 
CONDUCTIVITY 


POINT 
BTU /hr /ft2 /ft/°F 


(°F) 


430 0.00047 0.89 0.45 0.079 


430 0.00048 0.89 0.45 0.080 


435 0.00046 0.88 0.45 0.077 


660 0.00033 1.204 0.365 0.075 


0.00038 1.38 0.29 0.058 


product—protects systems in storage) 


340 0.00045 


ARE UNDER DEVELOPMENT FROM NEW BASE STOCKS 
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GOOD DEAL ON A WHEEL 


This selector wheel makes it easy for 
you to identify and specify the world’s 
newest and most complete line of 
circuit breakers. Get one free from 
your Westinghouse representative 


or write to Westinghouse Electric 
Corporation, Standard Control Divi- 
sion, Beaver, Pa. You can be 
sure...if it's Westinghouse 


aoa RRO RE Ne eR A Bn 


“ 
MARK 75° . . . interrupts 
up to 75,000 amps at 240 
volts a-c, and costs only 
a fraction of conventional 
high interrupting capac- 


ity breakers. Excellent 
for network systems. 


*Trademarks 


TRI-PAC* . . . smallest, 
lowest cost protective de- 
vice you can apply where 
100,000 amps can be 
poured into faults—e.g., 
network or large trans- 
former-fed systems. 


SAF-T-VUE* . . . lets you 
see whether the contacts 
are open or closed. Fills 
the needs of every indus- 
trial plant where safety 
codes require visible con- 
tacts. All frame sizes. 


AMBIENT COMPEN- 
SATED... ends nuisance 
tripping, and eliminates 
need for derating where 
elevated or changing tem- 
peratures are encoun- 
tered. All frame sizes. 
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MAGNETIC ONLY... 
provides short circuit 
protection only. Primarily 
used on motor circuits 
where overload protec- 
tion is provided by other 
means. All frames but E. 


THERMAL MAGNETIC 
.. » provides instantane- 
ous opening on short cir- 
cuits. On sustained over- 
load, the higher the 
current the shorter the 
opening time. All frames. 


J+30325 





LEADERSHIP IN DESIGN 


AND MANUFACTURE OF SLIP RING ASSEMBLIES . 


Complete facilities, metallurgical and engineering serv- 
ices are available for design and manufacture of slip 
ring assemblies to critical specifications, ranging in 
diameter from 1” to 48” and larger—for General Pur- 
pose, Radio Frequency and Video Ring Circuits, High 
Speed Instrumentation, High Voltage Ring Circuits and 
Power Pulse Slip Rings. A slip ring data file is available 
—write for your copy. 


D.E.MAKEPEACE DIVISION 
PINE & DUNHAM STREET * ATTLEBORO, MASS. 
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FINE WIRE FOR 
EVERY APPLICATION 


A thoroughly dependable source for fine wire of duc- 
tile and non-ductile materials for every application. 
Special processes have been developed for bare draw- 
ing wire as fine as .0004”. Wollaston Process for duc- 
tile metals . . . Taylor and extrusion methods for 
non- ductile metals are employed to meet requirements 
for finer wire. All standard fine wires are stocked for 
prompt delivery. Full facilities are available for produc- 
tion of fine wire made to customer's individual require- 
ments. Write for details. 


BAKER PLATINUM DIVISION 
113 ASTOR STREET * NEWARK, N. J. 
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CRYSTAL STRUCTURE 


ATOMIC WEIGHT 
DENSITY 


MELTING POINT 


8.19 KX 10° O'C, PER “C 


THERMAL CONDUCTIVITY] (O°C) 213 (.G.5. UNITS 


REFLECTIVITY ELECTROPLATE] 78°, AT-—620 MU 


HARDNESS ELECTROPLATE 


540-640 V.H.N. 20GRAM LOAD 


RHODIUM PLATING RESISTS CORROSION 


Rhodium plating offers outstanding protection against 
surface corrosion under all atmospheric conditions. 
Used in electrical and electronic applications, it im- 
proves efficiency whenever a low-resistance, long- 
wearing, oxide-free component is required . . . assures 
low noise level for moving components . . . provides 
positive action for components subject to long periods 
of inactivity . . . eliminates partial rectification and un- 
wanted signals by keeping components oxide-free. 
Send for complete technical data. 


CHEMICAL DIVISION 
113 ASTOR STREET * NEWARK, N. J. 
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SIMPLIFIED SILVER PLATING FOR ELECTRICAL 
AND ELECTRONIC COMPONENTS 


The simplest, most efficient process for protecting elec- 
trical, electronic and lamp components with mirror- 
bright silver plating in flash to heavy deposits. Silva- 
Brite is a crystal-clear solution—work is visible during 
plating process. Plating is quick, easy, non-critical with 
results assured at current densities from 10 to 40 amps 
psf—and little or no polishing required. Normal room 
temperature operation minimizes fumes and bath de- 
composition. Write for complete information on Silva- 
Brite and application procedure. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE * NEWARK, N. J. 
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PRECIOUS METAL CONTACTS 
FOR HIGH-RELIABILITY CS ° 


Precious metal contacts in pure or alloyed forms of sil- 
ver, platinum, palladium and gold provide unmatched 
resistance to atmospheric corrosion, deformation, arc 
erosion, binding and metal transfer. Baker high-relia- 
bility precious metal contacts are supplied as wire, rod, 
sheet and in a complete line of fabricated forms. Facil- 
ities are also available for manufacture to your speci- 
fications. 


BAKER CONTACT DIVISION 
207 GRANT AVE. * NEWARK, HARRISON P.O., N. J. 
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FINE WIRE, THIN FOILS, RIBBON AND SS 
TUBING IN NOBLE METALS AND THEIR ALLOYS 


WIRES: Bare drawn wire of ductile materials down to 
.004”—High temperature thermocouple wires—High 
temperature furnace windings—Potentiometer and Re- 
sistance wires—Platinum clad tungsten wire. 

FOILS: In platinum, palladium and gold down to .0001” 
—in iridium and rhodium as thin as .001”. 

TUBING: Seamless in platinum, palladium, gold and 
their alloys. Sizes from .018” with .004” wall up to 112” 
with 042” wall. » Available in standard or to specifi- 
cation. 


BAKER PLATINUM DIVISION 
113 ASTOR STREET * NEWARK, N. J. 
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IMMERSION GOLD COATING FOR 
ELECTRICAL AND ELECTRONIC PARTS 


Use Atomex gold immersion solution for more perma- 
nent, less expensive coating of printed circuits, metal- 
lized plastics, etc. with complete assurance of tarnish 
resistance and electrical resistivity. In a simplified im- 
mersion process, 24K gold is deposited by ionic dis- 
placement in a thin, dense, uniform protective layer. 
« Atomex is the first practical gold immersion solution 
containing no free cyanide. It eliminates need for costly 
analytical controls. Write for technical data. 


CHEMICAL DIVISION 
113 ASTOR STREET * NEWARK, N. J. 
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R STREET NEWARK 


SALES OFFICES: CHICAGO + DALLAS + DETROIT + 

HOUSTON + LOS ANGELES + NEW YORK + ORLANDO + 

PROVIDENCE + SAN FRANCISCO + WASHINGTON, D. C. 
Please send literature as indicated below, 
addressed to my attention: 


[] Slip Ring Assemblies [] Rhodium Plating 


(] Fine Wire (_] SilvaBrite Silver Plating 


[-] Precious Metal Contacts [] Atomex 


[] Fine Wire, Thin Foils, Ribbons & Tubing 
NAME 
TITLE 
FIRM 


STREET 


CITY STATE 
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iF VOU NEED A CORD GRIP-—-SPECIFYVY PYLE 


The purpose of a cord grip is to protect your equipment, instruments and appliances by 
sealing out oil, dust and moisture . . . to prevent cord failures by preventing pull-outs. 
PYLE CORD GRIPS perform these jobs measurably better! Precision machined 
aluminum nut and body assure continuous corrosion-free protection, maximum 
mechanical strength, outstanding appearance. The rubber grommet, specially 
compounded and molded by Pyle, will not age harden—adds many more 
years to the life of your product. Want proof? Write for catalog. 


THE PYLE-NATIONAL COMPANY, 1388 N. KOSTNER, CHICAGO 51, ILLINOIS 
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Air Express delivers parts overnight, helps cut costly inventory 


This auto dealer had thousands of dollars tied up in inventory. Then he found out how quickly and easily 
he could get parts direct from the manufacturer by AIR EXPRESS. So now he lets the factory carry most 
of his inventory, and he banks the savings. AIR EXPRESS service enables you to streamline your in- 
ventory. Why stock a warehouse when AIR EXPRESS will deliver the goods at jet speed — very often 
the same day? Throughout the U. S. and Canada, 35 
scheduled airlines and 13,000 trucks give your shipments 


first on—first off—first there priority, with kid-glove han- Al we EX, P cod E SS 


dling all the way. Just mark your orders ‘‘AiR EXPRESS” 





& CALL YOUR LOCAL REA EXPRESS OFFICE FOR AIR EXPRESS SERVICE 
© 
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needed for 


your 


application 


Did you know that Barber-Colman Company makes both a-c and 
d-c motors? On these pages we have tried to tell very briefly a 
little about each of our motors. Featuring high quality at low cost, 
Barber-Colman 115 volt a-c (6-220 volt optional) shaded pole 
motors are excellent for commercial and industrial applications. 
Barber-Colman d-c precision motors are available in a variety 

of voltage ranges, styles and specifications to meet airborne and 
industrial applications. Look at the motors illustrated and 

then ask us for more literature on the one that interests you most. 


BARBER-COLMAN COMPANY 


ROCKFORD, 


ILLINOIS 


A-C SHADED POLE UNIDIRECTIONAL MOTORS 
FOR COMMERCIAL APPLICATIONS 


AYAA — DYAA — KYAA 


Specifications: 

Rated horsepower .0007 to .0010 

Length 1-1/8” plus shaft 

Dimensions.... 2-7/32” x 2-1/4” 

Remarks ....Exceptionally small 
and compact 

Typical applications — fan blades, 
blowers, reroll chart drives, pho- 
nographs, and gear trains. 


DYAF — KYAF — OYAF — CYAF 


Specifications: 
Rated horsepower .0045 to .032 
Length 1-5/8” to 2-9/16” 


plus shaft 
Dimensions... 2-21/32” x 2-3/4” 
Remarks . ‘High running torque 
Typical applications — fans for 
heaters, deodorizers and elec- 
tronic equipment; blowers and 
gear trains. 


DYAB — KYAB 


Specifications: 

Rated horsepower .0017 to .0066 

Length ... 1-5/8” to 2” plus shaft 

Dimensions... 2-3/8” x 2-19/32” 

Remarks ... .High starting torque 

Typical applications — slide pro- 
jector fans, hair dryers and re- 
frigerators, vending maehines, 
office machines, and rotisseries. 


AYAR — BYAR — CYAR — DYAR 


Specifications: 

Rated horsepower .005 to .050 

Length 1-29/32” to 3-11/32” 
plus shaft 

Dimensions. .... 3-1/8” x 3-1/4” 

Remarks High start or high 
power rotors available 

Typical applications — pumps, 
humidifiers, vaporizers, combus- 
tion and industrial controls. 


A-C SHADED POLE 
REVERSIBLE MOTORS 


AYAE-DYAE-KYAE 


Specifications: 

Rated horsepower .00015 to .006 

Length 1-13/64” to 1-53/64” 
plus shaft 

Dimensions 3” x 2-7/8” 

Remarks . Adaptable to 1 or 2-phase 
operation and electronic control 

Typical applications — servomech- 
anisms, remote switching and po- 
sitioning devices, and pen drives. 


OYAE 


Specifications: 

Rated horsepower .0055 to .04 

Length 3-1/8” plus shaft 

Dimensions ....... 3-7/8” x 3-7/8” 

Remarks . Adaptable to 1 or 2-phase 
operation and electronic control 

Typical applications—servomechan- 
isms, recording instruments and 
automatic weighing machines. 


A-C SHADED POLE 
SYNCHRONOUS MOTORS 


DYAJ — KYAJ 


Specifications: 

Rated horsepower .0043 to .0086 

Length 1-3/4” to 2-1/8” plus shaft 

Dimensions .. 2-11/32” x 2-19/32" 

or 2-23/64” x 2-19/32” 

Remarks .. . Dev elop 30 times power 
of ordinary clock motors 

Typical applications—oscillographs, 
scoreboard timers, viscometers, 
facsimile recorders, x ray timers, 
and microfilm cameras. 
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A-C GEARED MOTORS 
SYNCHRONOUS UNIDIRECTIONAL 
REVERSIBLE 


DOUBLE-PLATE 


Barber-Colman a-c geared motors 
provide ratios from 4:1 to 
1,333,800:1. Heavy duty gears and 
output shaft plus long life lubrica- 
tion add to the reliability of these 
geared motors. 


A-C 400-CYCLE MOTORS 


AYLO 


Specifications: 

Type ..Split-phase capacitor, squir- 
rel cage rotor 

Rated horsepower ...up to 40 mhp 
intermittent duty 

Voltage 

Rated speed ... 9500 to 11,000 rpm 

Length .. 2.20” excluding shaft and 
brake 

Diameter ; 

Brake ....400-cycle brake optional 


A-C & D-C TACHOMETER 
GENERATORS 


For Commercial Installations 


Type DYAE a-c 
reversible shaded 
pole motor acts asa 
low-cost, rugged, ac- 
curate, and depend- 
able a-c tachometer 
or rate generator. 


DYAE 


Precision For Military Usage 
BYLM and FYLM 


generators are Cca- 

} pable of output volt- 
ages up to 40 volts 
per 1000 rpm, with 
high linearity and 
low ripple content. 
Excellent for servo 
rate feed back. 
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6-115V D-C PRECISION PERMANENT MAGNET, 
REVERSIBLE MOTORS FOR AIRBORNE 
AND INDUSTRIAL APPLICATIONS 


BYLM 


Specifications: 

Rated horsepower up to 0.1 
intermittent duty 

Rated speed . 5,000 to 20,000 rpm 

Power input 7 to 155 watts 

Length ’ to 3.19” 
excluding shaft 

Diameter 


DYLM — EYLM 
Specifications (EYLM only): 
Rated horsepower .... up to .055 

intermittent duty 
Rated speed . 5,000 to 20,000 rpm 
Power input 7 to 155 watts 


Length 1.83” to 2.45” 
excluding shaft 


Diameter 
DYLM is a split series motor in 
the same envelope. 


” HYLM 


Typical Specifications (27 volts): 


Horsepower ...........5... .018 
intermittent duty 


Power input 
Length 
Diameter 


FYLM 


Specifications: 
Rated horsepower 
intermittent duty 
Rated speed . 5,000 to 20,000 rpm 
Power input ....... 2 to 70 watts 
Length 1.77” to 2.40” 
excluding shaft 
Diameter ‘ 
Features .constant brush pressure; 
R3 bearings; 3/16” dia. shaft. 


\ 


GYLM with Matching gearhead 


Specifications: 
Rated horsepower 
intermittent duty 
Rated speed . .2,000 to 24,000 rpm 
Power input 3 to 60 watts 
Length 1.97” 
excluding shaft and —— 
Diameter -75” x 1.63” 
Remarks . . . Rectangular gearhead 
optional, as illustrated. 


up to .040 


GEARHEADS, BLOWERS, 
RIGHT-ANGLE DRIVES, 
FILTERS, GOVERNORS, 
MAGNETIC BRAKES 


Barber-Colman d-c motors can be 
adapted to a variety of uses. Sev- 
eral sizes and styles of blowers and 
gearheads are available. Right- 
angle drives and multiple-shaft 
outputs can also be had for special 
applications. Radio noise filters, 
governors, or magnetic brakes fur- 
nished if required. 


D-C BATTERY-OPERATED MOTORS 


BYOM 
Voltage range ....approx. 3 to 30 


Governed speed 
approx. 1200 to 6000 rpm 


0 to .20 oz-in. 
Maximum dia P 


HYOQM 
Voltage range 4.5 to 30 volts 
Governed speed 1500 to 5000 rpm 
Torque ....0 to .20 oztin. 
Maximum dia 


BARBER-COLMAN COMPANY 
Dept. V, 1903 Rock Street, Rockford, Illinois 
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New Bourns Precision Potentiometer 


NUMBER 18—NEW PRODUCT SERIES 


Resolves the Quality-Price Dilemma! 


competitively-priced industrial 
potentiometer. Bourns wirewound 10-turn Model 3500 meas 


" -_— = 
Here is tary reliability in a 


ist n diameter by 1 s—Shorter by ! than units 
e elsewhere—yet has a resistance element 20% longer 
t that of comparable potentiometers 


€ ments for steady-state humidity, 
Model 3500 can also be provided at a 10% premium to meet 
the cycling humidity specs of MIL-STD-202, Method 106. It's 
the only 74° 10-turn potentiometer guaranteed to meet this spec 
shed characteristics incorporate wide safety margins 


Fully meeting military require 


Reliability insurance is provided by the exclusive Bourns Silver 
weld® bond between terminal and resistance wire. Virtually inde 
structible under thermal or mechanical stress, this termination 





eliminates a chief cause of potentiometer failure. In addition 
a special close-tolerar rotor almost completely does away 
with backlash 

Model 3500 is also subje 
Bourns’ exclusive Reliability A: 
possible step is taken to ensure 
cify is the performance you get 


ted to the rigorous double-check of 
ssSurance Program. In short, every 
hat the performance you spe 
Write for complete data 

std. (to 250K spl.) 


Resistances 5002? to 125K, 3%, 


Linearity 0.25% std 
Power rating 2w at 70°C 
Operating tem; 65° to +125°C 


Mech. life 2,000,000 shaft revolutions 


1 BOURNS 
re 


BOURNS 
6135 MAGNOLIA AVE RIVERSIDE ALIF 


i. eon oe ko es DiVvIisSIon 


PHONE: OVERLAND >> TWX: RZ9222 


CABLE 


Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, lowa; and Toronto, Canada 
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[THREE TIMES acTUAL SIZE} 


wo grade 160 








ew | CDF grade 2450P 


wo grade 522 


three outstanding new laminates! 


High legibility letters, numbers or 
symbols can be stamped on this new 
warm punch, paper phenolic grade in 
the same die used for blanking and 
piercing! No separate operation is 
necessary . . . no registration prob- 
lems. Markings are permanent and in 
sharp contrast. Ideal for capacitor 
caps, terminal boards, panels, spacers, 
coil ends, socket bases. Meets NEMA 
X and XP requirements. 


These are the newest materials of CDF research and 
engineering, developed to give you outstanding perform- 
Your inquiry is welcomed. 


ance at minimum cost. 


*Du Pont trademark 


Economical paper phenolic grade 
2450P can be punched warm and has 
improved mechanical strength and 
lower moisture absorption proper- 
ties. It is designed especially for 
mechanical and low voltage electrical 
insulation applications such as con- 
nector blocks, coil and bobbin ends, 
washers, plug and socket bases. Meets 
NEMA X and XP requirements. 





® 


Excellent wet electrical and other 
improved properties make this new 
copper-clad glass fabric Teflon* 
laminate ideal for radar insulation, 
missile antennas, critical computer 
applications. Circuits based on this 
grade will show minimum drift under 
varying temperature and humidity. 
Also available without copper for 
such uses as high frequency insula- 
tion in wave guides. 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE © A SUBSIDIARY OF THE -4¥mn4é COMPANY 
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Help stamp out 
close-quarter soldering 


Miniaturization can be a mixed bless- 
ing. Its good when it conserves pre- 
cious space and weight. It's bad when 


it creates a new gamut of how-do-you 


Take miniaturized rack and panel 
connectors, for example. They must 
be small, lightweight and reliable. But 
many of them are tough to put to 
gether. Consider the plight of the 
worker whose job requires soldering 
50 molded-in contacts in a space not 
much larger than an air-mail stamp. 


The job gets done, but when? 


One way to unmix the blessings of 
miniaturization is, obviously, to stamp 
out this close-quarter soldering. 

The same thought occurred to 
Amphenol designers. In fact, they 
asked themselves, “Why solder to con- 
tacts after the connector is assembled; 


why not terminate, then assemble?” 


So, they designed the Min-Rac 17 
...the first miniature rack and panel 
connector with Poke-Home”® contacts. 

(To those who are not familiar with 
Poke-Home contacts—a brief exposi- 
tion. Poke-Home contacts are so named 
because they are soldered or crimped 
to wires before the contacts are assem- 
bled to the connector. Contacts are 
then placed in the connector and 
pushed into the contact hole where 


they are firmly retained.) 


& Although Poke-Home contacts were 
not new when Amphenol designers 
began work on the Min-Rac 17, the 
contacts were new to miniaturized ap- 
plications. This spawned a few prob- 
lems for Amphenol design engineers. 

For instance: Working at contact 
spacings of .115 inch meant that ex- 


tremely rigid molding tolerances had 


to be established. (Tolerances are held 
to +.003” throughout the insert 
some go down to +.001”, —.000”,) 
Materials selection played an im- 
portant part, too. A long and exhaus- 
tive study of over 100 phenolic resins 
and thermo-plastics conducted by the 
Amphenol Materials Laboratory con- 
vinced Amphenol designers that Zytel 
101 offered the optimum combination 
of strength, insulation-properties, re 
silience, and weight savings. More 
testing, more evaluation followed. 
Strength tests. Insertion and with 
drawal tests. Salt spray tests. Finally, 


the Min-Rac 17 was ready to go. 


Bm How successful was all this effort? 
We can only judge by what our cus- 
tomers tell us. An equipment manu- 
facturer on Long Island tells us that 
the Min-Rac 17 made a significant 
difference in his direct production 
costs—not to mention the fact that 
his reject rate took a nose-dive when 
he switched to the Amphenol Min-Rac 
17. Another was most grateful that 


we had at last provided him with a 


DIMENSIONS 
f CONTACTS | A | 
9 iy Kh) 
15 1.567 
25 2.109 
KA 2.754 
50 | 2.661 


| 
: 


The Min-Rac 17 is designed to mate with other 
popular miniature rack and panel connectors. 
Therefore you can immediately apply the 
advantages of Poke-Home contacts to your 


present equipment without tooling expense. 


way to get high-density crimped ter- 
minations into his equipment. (Imag- 
ine trying to crimp contacts by hand 
in a connector as small as the Min-Rac 
17. Virtually impossible!) Still another 
customer in the San Francisco area is 
highly pleased with our float bushings, 
which allow him the leeway to cor 


rect for slight misalignment errors. 


And so it goes. 


= To those in our audience who may 
wish additional information on minia 
ture rack and panel connectors, we 
make this no-obligation offer. Get in 
touch with an Amphenol Sales En- 
gineer or Industrial Distributor (if 
youre in electronics, you're not far 
from one). He will be most pleased to 
share his knowledge of the Min -Rac 
17, and all Amphenol connectors for 
that matter, in the hope that a solution 
to your connection problem may be 
found. Or, if you prefer, write di- 
rectly to Dick Hall, Vice President, 
Marketing, Amphenol Connector 
Division, 1830 South 54th Avenue, 
Chicago 5, Illinois. 


Poke-Home contacts ''stay home" because of 
the precision-molded shoulder (A) and the 
groove (B) around the contact barrel. Although 
Poke-Home contacts are held firmly in place, 


they can also be easily removed if necessary. 


TTD Connector Division / Amphenol-Borg Electronics Corporation 








Carpenter's full-range selection of Glass Sealing Alloys can turn your design 
ideas into accomplishments... Only Carpenter gives you a selection wide enough to meet 
practically any glass or ceramic sealing problem. Carpenter Glass Sealing “42” and Glass Sealing 
“52”, both nickel-iron alloys, are ideal for vacuum tubes, transformers, capacitor bushings, high 
voltage lamps, and other glass-to-metal seals. 


In addition, Carpenter produces a ductile 28% chromium-iron alloy, Glass Sealing “97”: a nickel- 


chromium-iron alloy, Glass Sealing “426”; and a nickel-cobalt-iron alloy, Nicoseal. All are formulated 


and made to meet special applications. 


dreams, anybody? 


Take Nicoseal, for example. It can be used in transistors. Although others might offer an alloy similar 
in composition, Nicoseal is the only one produced by a full-range specialty steel company .. . with 
years of steelmaking experience and proven quality controls which assure uniformity pound after 
pound after pound. Also, Nicoseal offers you the deep drawing qualities so important in your fabri- 


cating operations, especially in the production of seals. 


Write for Carpenter's new, 64-page technical booklet covering alloys now available for electronic, 


magnetic and electrical applications. The Carpenter Steel Company, 115 W. Bern St., Reading, Pa. 


[arpenter stee 


you can make it consistently better with Carpenter Specialty Steels for specialists 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Export Dept., Port Washington, N. Y.—““CARSTEELCO” 


Alloy Tube Division, Union, N. J. 
Webb Wire Division, North Brunswick, N. J. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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TR-10 with EAI 1100 E XY Plotter as read-out 


THE /;5///°°SS'7/ ALL TRANSISTORIZED ANALOG COMPUTER 


— basic model less than $4000 


PACE’ TR-10 Eliminates Drudgery— Gives New Insight Into Engineering Problems 


This compact unit, 15” x 16” by 24” high, is powered by 115 
volts AC and can provide day-in day-out instant solution of 
your most vexing engineering problems. Even if you have 
never seen a computer before, you can learn to operate the 
TR-10 as easily as you learned to use a slide rule. 


Simply turn a dial to feed in design parameters, and the 
computer provides an instant by instant, dynamic picture of 
the effect of each change. You can study the inter-related 
effects of heat, pressure, flow, vibration, torque or any vari- 
able, and visually compare one with the other. Engineering 
data comes alive —insight into how new designs will work 
is obtained easier, faster. 


Because of its minimum size and low price, the TR-10 can 
become your own personal analog computer. You gait first- 
hand experience with the power of analog techniques, and 
convert more of your time to creative engineering. New 
ideas that were too costly to try before are now practical. 


OCTOBER 1961 


You can design virtually to perfection and have a permanent, 
visual record of performance before building pilot models or 
prototypes. As a result, “cut and try” expense is reduced. 


The same quality workmanship and design that has made 
Electronic Associates the world’s leading producer of pre- 
cision general purpose analog computers will be found in 
this new unit. Accuracy to +.1 per cent. Modular construc- 
tion allows you to select varying quantities of the following 
computing functions: summation, integration, multiplication 
or division, function generation, parameter adjustment, 
logical comparison. 


For complete engineering data, write for Bulletin TR-10-DA. 


FA ELECTRONIC ASSOCIATES, INC. 
Long Branch, New Jersey 
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Available in 7 JEDEC types. 
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SEMICONDUCTOR NEWS: FROM WESTINGHOUSE AT YOUNGWOOD 


.. Westinghouse announces new 16-amp 
. “Rock-Top” Trinistor controlled rectifier 


Proven “‘Rock-Top” quality is now available in JEDEC 2N681 Trin- 
istor Controlled Rectifier series! These latest additions to the West- 
inghouse power semiconductor family incorporate the field-proven de- 
sign features of the broadest line of medium and high-power switching 
devices. Such features as hard-soldered junctions and hermetically 
welded cases provide an extra assurance of reliability at no extra cost. 
Additionally, each device is 100% tested to maximum ratings. These 
new devices from Westinghouse, world leader in silicon technology, are 
backed by production experience with high-power semiconductors for 
military and industrial applications. 


Westinghouse 2N681 series Trinistors are ideal for such applications as: 
motor speed control = temperature control = inverters «= static 
switching. For more information, or technical assistance, call or write: 
Westinghouse Electric Corporation, Semiconductor Dept., Youngwood, 
Penna. You can be sure... if it's Westinghouse. SC-1049 


For prompt delivery, order from these Westinghouse distributors: 


EASTERN HALLMARK INSTRUMENTS CORP. Dallas, Texas/RI! 7-8933 
ACK SEMICONDUCTOR INC. Birmingham 5, Ala./FA 2-0588 INTER-STATE RADIO & SUPPLY CO. Denver 4, Colo./TA 5-8257 
CAMERADIO Pittsburgh, Pa./EX 1-4000 LENERT CO Houston, Texas/CA 4-2663 
CRAMER ELECTRONICS, INC Boston, Mass./CO 7-4700 MIDLAND SPECIALTY CO. Et Paso, Texas/KE 3-9555 
ELECTRONIC WHOLESALERS, INC. Melbourne, Florida/PA 3-1441 Phoenix, Ariz./AL 8-8254 
GENERAL RADIO SUPPLY CO.,INC. Camden, N. J./WO 4-8560 Albuquerque, N. M./CH 7-0236 
GENESEE RADIO PARTS CO Buffalo, N. Y./TR 3-9661 RADIO DISTRIB. CO. indianapolis, Ind_/ME 7-5571 
KANN-ELLERT ELECTRONICS, INC. Baltimore, Md./TU 9-4242 SEMICONDUCTOR SPEC., INC. Chicago, IlI_/NA 2-8860 
MILGRAY ELECTRONICS New York, N. Y_/RE 2-4400 S. STERLING CO. Detroit, Mich./BR 3-2900 
RADIO & ELECTRONIC PARTS CORP. Cleveland, Ohio/UT 1-6060 UNITED RADIO, INC. Cincinnati, Ohio/MA 1-6530 
SCHWEBER ELECTRONICS Long Island, N. Y./P! 6-6520 
Silver Spring, Md./JU 5-7023 WESTERN 


ALMAC ELECTRONICS CORP. Seattle, Wash. /PA 3-7310 
MIDWESTERN ELMAR ELECTRONICS Oakland, Cal./TE 4-3311 
E.C.1. SEMICONDUCTORS, INC. Kansas City, Mo./WE 1-0829 HAMILTON ELECTRO SLS. Los Angeles, Cal./BR 2-9154 
ELECTRONIC COMPONENTS FOR INDUSTRY CO. Palo Alto, Cal. /DA 1-7541 

St. Louis, Mo./WO 2-9916 NEWARK ELECTRONICS CO. Inglewood, Cal./OR 4-8440 


Westinghouse 
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(AND THEN SOME) HANDY & HARMAN CAN HELP YOU WITH 


ELECTRONICS APPLICATIONS 


...lake Rotary Stepping Switches -—The single wiper 
for this rotary stepping switch is made of Handy & Harman 
Consil 995. This silver-magnesium-nickel alloy possesses ex- 
tremely high thermal and electrical conductivity and retains 
its spring properties and excellent conductivity even at high 
ambient temperatures. The bank contacts are silver plated from 
Handy & Harman anodes—available in a range of finenesses 
including the standard 999+ fine. Switch components courtesy 
of North Electric Company, Galion, Ohio 


f 


...take Heat Dissipating Tube Shields—Handy & 
Harman Consil 995B and Fine Silver are helping to meet the 
critical problems of vibration and heat in subminiature tubes. 
The shield assembly makes use of pure silver which, being 
extremely soft, conforms to tube irregularities and conducts 
heat away with an efficiency unmatched by any other commer- 
cially produced metal. The shield base, or heat sink, is made of 
Consil because of the alloy’s excellent thermal conductivity 
and ability to stay rigid at elevated temperatures. The Consil 
and Fine Silver are joined with EASY-FLO, a Handy & Harman 
silver brazing alloy. Photo courtesy of International Electronic 
Research Corporation, Burbank, California. 


-».And Then Some —These two examples are indicative of the ways in which the electronics and electrical industries are solv- 
ing their problems with Handy & Harman precious metals: gold and silver and their alloys in wire, strip and foil; silver powders, 
flake and paint; silver chlorides and oxides; bi-metals; silver sintered metals; anodes, etc. The “etc.” is our invitation to you to 
contact us in reference to any of your projects— present or future—that may involve the use of precious metals. We'll be glad to 


advise you, without obligation on your part. 


Your No. I Source of Supply and Authority on Precious Metals 


HANDY & HARMAN 


General Offices: 850 Third Avenue, New York 22, N.Y. 


Offices and Plants: Bridgeport, Conn. + Chicago, Ill. * Cleveland, Ohio * Dallas, Texas + Detroit, Mich. * Los Angeles, Calif. + 
Mt. Vernon, N.Y. + Providence, R,1. * Toronto, Ontario * Montreal, Quebec 
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opportunities for 


systems analysts 


Hughes Aerospace Engineering Division 
has openings for Systems Analysts to 
consider and analyze a wide spectrum of 
basic problems such as: 


What are the requirements for manned 
space flight? 


Justify choice of systems considering 
trade-off of choice in terms of cost 
effectiveness. 


Automatic target recognition 
requirements for high speed strike 
reconnaissance systems or unmanned 
satellites. 


IR systems requirements for ballistic 
missile defense. 


Optimum signal processing techniques 
for inter-planetary telecommunications. 


Analysis of weapon systems from 
conception through development, test 
and customer use. 


Design concepts for new airborne 
weapon systems. 


The positions involved with the solution of 
these basic and critical questions present 
opportunities for the optimum application 
of the technical and analytical backgrounds 
of graduate physicists and engineers with 
both systems and specialized experience. 


If you are interested in helping to solve 
these questions and are a graduate physicist 
or engineer with a minimum of three years 
experience in weapon systems analysis, 
operations analysis, IR, physics of space, 
signal processing or communication 
theory, we invite your inquiry. For 
immediate consideration, please airmail 
your resume to: Mr. Robert A. Martin, 
Supervisor, Scientific Employment, 
Hughes Aerospace Engineering 

Division, Culver City 14, California. 


An equal opportunity employer. 


We promise you a reply within one week 


HUGHES AIRCRAFT COMPANY 
AEROSPACE DIVISIONS 





Control your speed 
with Century’s complete line 
of Selective Speed Drives 


We're often asked why Century 
offers six different basic types of se- 
lective speed drives. The answer is 
simple—what is ideal for one type 
of application may be completely 
unsuitable for another. No one, two, 
or three lines—no matter how com- 
plete each of them is—can match 
every application that requires easi- 
ly adjustable speed. That’s why 

entury offers the most complete 
lines available to industry. 


But with several separate and 
distinct lines, the choice of which 
type to use for a particular applica- 
tion sometimes appears complicated. 
To take some of the mystery out of 
controlled speed drive selection, 
we’ve described the six various 
types we manufacture below. See 
which one fits your needs best: 


Mechanical 
Selective 
Speed Drives 


Type: 
Constant-torque variable horse- 
power 


Horsepower range: 
4 Hp to 30 Hp 


Speed ranges: 
2:1, 3:1, 4:1, 5:1, 6:1, 8:1 

The Century type MD Drive is 
simple, inexpensive and compact, 
and can be controlled either manu- 
ally or automatically. It utilizes a 
standard Century motor, a variable 
pitch belt drive transmission, and a 
gear reduction unit when low speeds 
are required. Other than standard 
squirrel cage, normal torque motors 
can be furnished where required. 


Type MD units incorporate a 
Century-designed cooling system 
that extends belt life and permits 
increased load factors. Drive and 
driven pulleys are constantly aligned 
to automatically correct belt tension. 
Design simplicity is such that modi- 
fications can easily be made in the 
field, such as changing from “‘hori- 
zontal’’ to ‘‘upright’’ mounting, 
moving the control to different posi- 
tions, or changing drive motors. 

The standard unit has an easy- 
operating handwheel with built-in 
indicator for speed control. Mechan- 
ical, electric remote and pneumatic 
control can also be easily adapted. 
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Typical mechanical drive appli- 
cations are packaging and labeling 
machines, conveyors, pumps, agita- 
tors, textile machines, plastic ex- 
truders, testing equipment, canning 
machines, printing presses, etc. 


Magnetic 
Coupling 
Selective 
Speed Drives 


pe: 
Constant- or variable-torque 
Horsepower: 
Constant-torque 1 through 500 MP 
variable-torque 1 through 1000 
Speed ranges: 
8:1 standard 

The type MC Century magnetic 
coupling drive consists basically of 
a squirrel-cage induction motor and 
a magnetic coupling connected to the 
output shaft. There i is no mechanical 
connection between the driving and 
driven members of the unit; torque 
is transmitted by magnetic flux. 
Output speed is controlled by regu- 
lating the excitation to the magnet 
member of the clutch. 


Several reasons have contributed 
to the increasing use of magnetic 
coupling drives: 

1. They have a lower initial cost. 
2. All-electric, they are easy to 
maintain. Circuits can be under- 
stood and serviced by any com- 
petent plant electrician. 
. Space requirements for these 
drives are at a minimum. 


. Speed regulation is excellent, due 
to tachometer feedback control. 
Plus or minus 2% maximum 
speed regulation with load 

nges from 25% to 100% full 

load is standard. 

Constant-torque MC drives have 
several definite minimum operating 
orn for continuous duty. 

ith variable-torque units, there is 
no minimum pons speed due to 
nature of loading. Drives may 
equipped to operate at inching or 
jogging speeds for setup purposes, or 
at very low — on an intermit- 
tent basis. Control may also be 
manual or automatic, as a function 
of temperature, pressure flow, or 
almost any other controlling factor. 

Three = of Century Magnetic 
Coupling Drives are built: 


Form A Drives are constructed 


with the AC drive motor and mag- 
netic coupling as an integral unit. 
They can be mounted with the drive 
shaft either horizontal or vertical. 
Typical uses for these units are for 
such constant-torque loads as con- 
veyors, slitters, printing presses, 
coaters, laminators, etc.; and vari- 
able-torque loads of .centrifugal 
pumps, fans and compressors. 

Form B Drives have the AC drive 
motor and magnetic coupling as- 
sembled on a common bedplate and 
are furnished as a complete unit. Ap- 
plications of this unit for constant- 
torque or variable-torque loads are 
similar to the Form A unit. 

Form C Drives are furnished as 
separate units, with AC drive motor 
and magnetic coupling furnished as 
individual units for final coupling or 
belting by the customer to suit spe- 
cific job needs. 


Controlled 
Rectifier 
Selective 
Speed Drives 


Type output: 
Constant-torque 
Horsepower: 
Half-wave—1/12 to 1 Hp 
Full-wave—1/12 to 15 Hp 
Speed ranges: 

75:1 standard 


These units utilize silicon-con- 
trolled rectifiers with special pat- 
ented triggering circuits. They are 
completely static and eliminate use 
of electronic tubes. Each complete 
set consists of a packaged static type 
power unit; DC drive motor, and an 
operator’s station. Drive motors 
may be furnished with almost any 
mechanical modifications. 

Some of the outstanding advan- 
tages of controlled rectifier drives 
are these: 

1. No warm-up time is required be- 
fore starting up. 

. Tube flashover and arcing is 

eliminated. 

. There are no relays to service. 

. Speed regulation is close. 

. The improved wave-form factor 
resulting from the use of silicon 
rectifiers permits the use of a 
smaller drive motor than equivae 
lent electronic drives. 
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. Complete short circuit and over- 
load protection is provided. 

. In many cases, mechanical mod- 
ifications are less expensive than 
with equivalent electronic drives. 
Typical applications of Century 

type CRF and CRH controlled rec- 
tifier drives include: blue print ma- 
chines, conveyors, printing presses, 
welding positioners, etc. 


Motor- 
Generator 
Set Selective 
Speed Drives 


Type output: 

Constant-torque, minimum to base 
speed; constant-horsepower above 
base speed. 


Horsepower range: 
1 through 500 Hp 


Speed ranges: 
Almost any required ranges avail- 
able. 

Century type MGE and MGM 
Motor-Generator Sets are packaged 
selective speed drives that provide 
all the versatility of direct current 
adjustable voltage systems. Advan- 
tages of these units include wide 
speed range for continuous opera- 
tion, exact speed control under any 
loading condition, and either single 
or multi-motor drives. 


Complete unit consists of a pack- 
aged-type power unit with power- 
conversion equipment and controls; 
a DC adjustable drive motor, and 
operator’s control station. Drive 
motors may be furnished in any de- 
sired enclosure or with almost any 
mechanical modifications. 


Typical applications for Century 
type MGE and MGM Motor- 
Generator Sets include: paper re- 
winders, paper slitters, steel slitters, 
tube mills, brick presses, plastic ex- 
truders, textile ranges, wallboard 
applications, etc. 


Electronic 


Type 
Selective 
Speed Drives 


Type output: 
Constant-torque 


Horsepower ranges: 
1/20 to 30 Hp 
Speed ranges: 

Up to 100:1 


Three types of Century Electronic 
Drives are available. Type TH is a 
half-wave rectifier unit, designed for 
lower horsepower ranges, 1/20 to 
34 Hp. Type TF, full-wave recti- 
fication, is intended for applications 
from *4 to 4 Hp. Type TA, also full- 
wave rectification, is built in sizes 
from 34 to 30 Hp. 


Type TH Electronic Drives pro- 
vide the following advantages in 
lower horsepower ranges: 


1. Wide speed range. (20:1 stand- 
ard, 50:1 available) 


2. Close speed regulation—+3% 
of base speed maximum. 


. Reasonable initial cost. 
. Simplified maintenance. 


. Stepless speed control over the 
unit’s entire range. 


6. Extremely smooth acceleration. 
7. Dynamic braking available. 
8. Operating speed can be preset. 


Typical applications for Type 
TH Electronic Drives include: pack- 
aging machinery, small printing 
presses, conveyors, machine tool 
feeds, trimming machines, etc. 

Type TF bridge-type adjustable 
voltage electronic drives provide 
operation over a wide speed range 
(8:1 standard; as high as 100:1 
available for light loads and inter- 
mittent duty) at the same time it 
furnishes close speed regulation 
(plus or minus 3% of base speed). 

Smooth acceleration is one of the 
important advantages of this equip- 
ment. This protects the connected 
machinery and work-in-process from 
shocks and damage due to rapid ac- 
celeration. Tube circuits are de- 
signed to “‘fail safe,’’ eliminating the 
danger of motor runaways in the 
event of failure. 


Typical uses for Type TF drives 
include: paper machines, machine 
tools, textile machines, small con- 
veyors, bagging machines, and other 
applications where good speed regu- 
lation over a wide range is important. 


Type TA Electronic Speed Drives 
are ideal for applications that re- 
quire extremely wide speed range 
with close speed regulation. Stand- 
ard factory adjustment is for a 50:1 
speed range. 100:1 may be furnished 
for special intermittent applications. 


Speed regulation can be set “‘flat”’ 
for any speed and when this is done, 
regulation for any other speed will 
be within 2% of base speed, with 
80% load change, and within 1 to 
2% of base speed with line voltage 
fluctuation of plus or minus 10%. 

Since acceleration is under con- 
stant current, smooth start-up is in- 
herent in the drive. Starting current 


may be easily adjusted from 50% to 
200% of full-load current. 


Dynamic braking is standard. Dy- 
namic slow-down and reversing can 
also be supplied as options. 


Type TA Drives find wide use 
driving machine tools, processing 
equipment, conveyor lines, precision 
welding positioners, etc. 


Magnetic 
Amplifier 
Selective 
Speed Drives 


Type output: 
Constant-torque 


Horsepower range: 
1 through 200 Hp 
Speed range: 
8:1 

Century Type SA Magnetic Am- 
plifier drives replace electron tubes 
and circuits with power magnetic 
amplifiers and static silicon rectifiers 
for trouble-free and maintenance- 
free operation. The unit is packaged 
and completely prewired. 

Some of the important advantages 
of these units are as follows: 


1. 5% speed regulation from 20% 
to 100% load. 


2. Complete overload and rectifier 
protection. 


3. Timed acceleration (2-30 Hp) 
and -current limit acceleration 
(40-200 Hp) prevents electrical 
or mechanical overloads when 
changing speeds. 

These drives are highly useful in 
applications where speed regulation 
is not extremely critical, such as: 
printers slotters, printing presses, 
plastic extruders, etc. 

In a host of industries, Century 
Selective Speed Drives have im- 
proved quality, increased produc- 
tion, reduced scrap and waste, low- 
ered maintenance costs, made pro- 
duction schedules more flexible, cut 
downtime and unit costs, or created 
other benefits. And there’s a good 
chance that they can improve your 
product or process. 


Want to know more? Century has 
prepared a new 246-page Controlled 
Speed Catalog with specifications, 
prices, modifications and dimensions 
on all six basic types of Century 
Selective Speed Drives. We’ll send 
you a copy if you'll request it on 
your letterhead. Or call your nearby 
Century Sales Engineer for recom- 
mendations on the drive that’s just 
right for your job. 61-1 


CENTURY ELECTRIC COMPANY 


St. Louls 66, Missouri Offices and Stock Points in Principal Cities 
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GET 9% DESIGN TOLERANCE 
IN CORNING C RESISTORS FOR 6¢ 


You can design better circuits for less money when you know your resistance values won’t budge more 
than 5% ...ever. Corning C resistors give you this assurance of stability, the kind that lets you 
drop an entire amplifier stage or use broader tolerance, cheaper tubes or transistors. We build stabil- 
ity into 42, 1 and 2 watt C resistors with a tin-oxide conductor fired into a glass substrate. The helix 
is cut under precise electronic control. Then we add a special solvent-resistant insulation. These 
resistors meet MIL-R-22684 (Navy) all the way ...and cost as little as6¢. Use C resistors in place 
of composition types to boost product performance at virtually the same cost or to maintain the high 
performance of precision-type resistors at much less cost. 


New, free booklet Get full details on C resistors and the remarkable design 
tolerances they give you. Write for “The Story Behind the Corning C Resistor” and 
for Data Sheet CE-2.12 to Corning Glass Works, 556 High Street, Bradford, Pa. 


af CORNING ELECTRONIC COMPONENTS 


CORNING GLASS WORKS, BRADFORD, PA. 
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chart paper 
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IS 
——brush INSTRUMENTS 
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Only Brush Chart Paper is designed as an integral component of precisely engineered Brush Direct 
Writing Recording Systems. The full potential of these systems cannot be realized unless all 

of the original components are utilized. They’re engineered as a total entity. Imitation papers cannot 
match the precision ruling, dimensional stability and super-smoothness of Brush Chart Paper. 

Take no chances—specify Brush and you can rely on your records being accurate, permanent, easily 
read and easily reproduced. Stocks available from strategically located branches and 

sales representatives throughout the United States and Canada. 


Write for samples 
of actual tracings on 
Brush Chart Paper. 
Ask for 
“Brush Engineered 
Recording Supplies’’. 





from INDIANA GENERAL CORPORATION 


Indiana Steel Products Division — PERMANENT MAGNETS — 


CAST ALNiCcO SINTERED ALNICO 


CUNIFE 


General Ceramics Division — FERRAMIC’ CORE MATERIALS 


RADIO and TV 


“e3°O* 


a ELECTRONICS 


COMMUNICATIONS 


Sensiad Ceramics Division — MEMORY PRODUCTS 


MEMORY CORES 


© 
Pi P. 


MEMORY PLANES 
> 


ee 


MICROSTACKS® 


MEMORY SYSTEMS 


General Ceramics Division — TECHNICAL CERAMICS 


ELECTRONIC GRADE CERAMICS 


Indiana General offers a complete stock of off-the- 

shelf components in a wide variety of shapes and 
materials. In addition, IGC engineers 

re-7 are always available to help you solve 
special design problems. 


SOLDERSEAL TERMINALS 


6 
yy 


For Ferrites, Memory Products and Technical Ceramics 
write to: 

General Ceramics Division, Keasbey, New Jersey 
For ALNICO, INDOX and CUNIFE Permanent Magnets write to: 
Indiana Steel Products Division, Valparaiso, Indiana 


INDIANA GENERAL CORPORATION vwacearaiso, inniana 
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SILICON PERFORMANCE 
AT GERMANI 


G-E INDUSTRIAL TRIODES 


feature famous Fixed-Bed Mounting for. . . 
@ High circuit performance up to 125°C 
For applications in. . . 


@ Linear amplifiers 


@ Switching circuits requiring low leakage currents 
@ “Starvation” circuits 


UM PRICES 


Retaining Ee Getter and 
ring ’ , buffer for long 
ee term stability 


Parallel-strip 
mesa 
junction 


3 NEW INDUSTRIAL MESAS 


featuring... 


@ High circuit performance up to 150°C 
For applications in. . . 
@ Servo driver and output stages 
@ D.C. to A.C. converters 
@ High level linear amplifiers 
@ Switching circuits requiring low leakage currents 


ELECTRICAL CHARACTERISTICS (25°C)—FIXED BED TYPES 


BVcto 
We = (=0 
NUMBERS ae 


Vcer* 
(lc=16 ma 
R=1 KQ) 


2N2108 200 max. 


General Electric’s famous “Fixed-Bed” mounting design for 
extremely high mechanical reliability under severe environ- 
mental conditions, plus unusually stable operation at high 
temperature (125°C) makes these new, low cost industrial 
silicon transistor’ ideal for high performance industrial appli- 
cations. Derived from the popular G-E 2N332 series now being 
used in ultra-reliable missile applications, these economy units 
offer inherently reliable operation and high dissipation ability 
for your most critical industrial designs. 


(lc=200 ma 


Vce (SAT) 


md hee 
(ls=2.2 ma (Vee=5v 


Ic=1 ma) 


15 Typ. 
30 Typ. 
55 Typ. 
115 Typ. 
15-50#* 
40-135#* 
120-250%* 4 jyecey 
2 * + Is=1 ma, ic=10 ma 
ere # Ic=10 ma pulsed 
120-250+* ** Vcs=15V 


hre* Vce* (SAT) 
(ls=40 ma 


Vce= 10V) Ic = 200 ma) 


+ Min. — Max. 

* Pulsed measurement at 2% duty cycle, 
300 usec. pulse width 

+ ls=10 ma 


Positive internal atmospheric control achieved through the 
use of General Electric’s buffered-sieve encapsulation tech- 
nique, higher power dissipation with lower saturation resist- 
ance and lower input impedance are important features of 
these new medium power silicon double diffused NPN mesa 
transistors. They are especially well suited for either high 
level linear amplifier or switching applications, where top 
quality and performance at low industrial prices is the prime 
consideration. 


For complete details call your Semiconductor Products District Sales Manager, or write Semiconductor Products Department, Section 
2OSWR Genera! Electric Company, Electronics Park, Syracuse, New York. In Canada: Canadian General Electric, 189 Dufferin Street, 
Toronto, Ont. Export: International General Electric, 150 E. 42nd Street, New York 17, N. Y. 


STOCKED BY YOUR G-E SEMICONDUCTOR DISTRIBUTOR 


GENERAL @@ ELECTRIC 
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CUTLER-HAMMER QUALITY 3-STAR MOTOR STARTERS AVAILABLE IN 10 SIZES, 00 THROUGH 8 
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CUTLER-HAMMER MOTOR STARTERS 


Still the proven standard 
of quality...always in stock 


for immediate delivery 


Millions of satisfactory operations in thou- 
sands of applications have proved the un- 
matched quality of Cutler-Hammer across- 
the-line magnetic starters. That this line 
is still recognized as the leader—nine years 
after the original design was developed— 
is a great tribute to the years-ahead think- 
ing of Cutler-Hammer engineers. 


FIRST IN ’'53—STILL THE LEADER IN ’61 


Since the Three Star line was introduced in 
1953, many improvements have been made; 
magnet coils that far exceed NEMA stand- 
ards, for example. But many achievements 
of the original design—vertical, dust-free 
contacts; overload relays adjustable to with- 
in 3% of actual full-motor ratings; provision 
for 2 or 3-coil overload relays in the same 
enclosure—are features no other manufac- 
turer has been able to improve. You can 
safely bet that when these pace-setting fea- 
tures are improved, it’ll be another Cutler- 
Hammer development. 


WHAT’S NEW? ASK.. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wisconsin ¢ Division: Airborne Instruments Laboratory e Subsidiary: Cutler- 
Hammer international, C. A. « Associates: Cutier-Hammer Canada, Ltd.; Cutlier-Hammer Mexicana, S. A. 


ALWAYS AVAILABLE FOR FAST DELIVERY 


You'll find the smaller sizes of Cutler- 
Hammer Starters always in stock at your 
local distributors—larger sizes immediately 
available from the factory. We hope you'll 
make your own feature-by-feature com- 
parison between the Cutler-Hammer line 
and any other starter on the market. Look 
especially carefully at such vital advantages 
as ease of installation, high interrupting ca- 
pacity, coil construction and accessibility. 

Regardless of what features you select as 
the criterion of superiority, we’re sure you'll 
choose Cutler-Hammer after you’ve made 
your unbiased comparison. 

If you’re one of many companies being 
forced to stock two sets of parts because of 
design changes, now is an excellent time to 
standardize on Cutler-Hammer. 

Call your distributor or local Cutler- 
Hammer Sales Office soon. Or write for 


Publication LO-70-U231. 


| oe 
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Inventory Management Simulator program at... 


Clark Equipment... improves customer 


Clark Equipment Company has prepared a com- 
puter program called an Inventory Manage- 
ment Simulator. The program allows Clark 
management to study the possible effects of de- 
cisions on future customer service and future 
warehouse profitability. When management 
gets the computer’s report, it is in a position to 
make new rules for the operation of its parts 
warehouse. 

Here’s what’s happened since Clark put the 
new program into operation:...improved cus- 
tomer service...practically eliminated back- 
order problem ... reduced the putaway time 


@ High-capacity memory. Two IBM 305 Data Processing Systems with RAMAC keep for incoming material by more than 50 per cent 
track of 75,000 replacement and repair parts in Clark’s Chicago parts warehouse. reduced -v order shi ing ti b 
@ The computer has the facts. As soon as shipments arrive at the warehouse, an --- reduced emergency order shipping time by 


operator, using this remote inquiry station near the loading platform, finds out from 50 per cent... enabled a physical inventory to 
the computers where various items go. §§ Customer service first. Using this remote J - : aoe laid . ‘ - 
inquiry station in the sales department, the operator gets information from the com- be taken without any interruption of service 
puter while the customer is on the phone. to customers. 





service...with less inventory 


Availability highest ever. Inventory management 
is a complex job at Clark. Its Chicago ware- 
house is one of the busiest and largest in the 
country. Before the Simulator program was 
developed, the warehouse carried an inventory 
of 85,000 individual replacement and repair 
parts. Use of the program helped transfer the 
investment in inventory to those parts most 
frequently called for, giving high availability 
with less investment. 
Management Operating System.* Clark installed 
two IBM 305 Data Processing Systems with 
RAMAC. These computers store, update, and 
offer on an instant’s notice information on al- 
most every aspect of the warehouse operation 
including complete information on every one of 
the 75,000 items maintained in stock. 

Now, Clark is assured of maintaining just the 


right level of stock for each item. The procure- 
ment formulas, developed from the Inventory 
Management Simulator, even recommend how 
large a purchase order should be placed for 
2ach item and where it should be placed. 

If you have an inventory problem, why not 
consider a simulation program? You don’t have 
to have your own computer. We can supply you 
with an Inventory Management Simulator...you 
can rent time on a computer. Result...improve 
the profitability of your warehouse operation. 


*4 Management Operating System uses IBM computers to 
make routine business decisions and take action automatically 
... flags problems that need management's special attention... 
frees management to concentrate on the big problems and on 
long range planning. As a result, it gives tighter control of all 
business operations...and helps cut costs, 
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This bus costs ’2 aS much 
as its copper equivalent 


Installed in your product, Alcoa® 
aluminum bus like this will do the 
same job as copper with no sacrifice 
in quality. 

But you'll pay only one-half as 
much. 

That means a simple change in 
“specs”—from copper to aluminum 
—can save you up to fifty cents on 
every dollar you now spend for bus. 

Remember, too, that aluminum 


bus can be silver-plated in your 
plant. Complete information on the 
process is available through Rome 
Cable Division of Alcoa. Aluminum 
bus, silver-plated by Alcoa prior to 
shipment, is available (at extra cost) 
through Rome Cable Division. 
How about bracing? No. 2 EC al- 
loy in the T6 or T62 tempers has ap- 
proximately the same yield strength 
as copper. Consequently, the same 
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bracing as for copper can be used. 

Why pay more when aluminum 
does the job for less? And it’s avail- 
able now, in the sizes you need, from 
Alcoa. 

More facts? Any Alcoa-Rome rep- 
resentative can calculate the actual 
dollar savings you can make with 
aluminum flat bus. Or write to Rome 
Cable Division of Alcoa, Dept. 24- 
101, Rome, New York. 


ALCOA 


ROME CABLE 
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Arnold Pulse Transformer 


Cores ate individually tested 
under actual pulse conditions 


Here’s 
technical data on 


ARNOLD 
SILECTRON 
CORES 


Bulletin SC-107 A 

. this newly- 
reprinted 52-page 
bulletin contains 
design information on Arnold Tape Cores wound 
from Silectron (grain-oriented silicon steel). It 
includes data on cut C and E cores, and uncut 
toroids and rectangular shapes. Sizes range from 
a fraction of an ounce to more than a hundred 
pounds, in standard tape thicknesses of 1, 2, 4 
and 12 mils, 


Cores are listed In the order of thelr power- 
handling capacity, to permit easier selection to fit 
your requirements, and curves showing the effect 
of impregnation on core material properties are 
included. A valuable addition to your engineering 
files—write for your copy today. 


ADDRESS DEPT. £)4.10 


OCTOBER 1961 


The inset photograph above illus- 
strates a special Arnold advantage: a 
10-megawatt pulse-testing installa- 
tion which enables us to test-prove 
pulse cores to an extent unequalled 
elsewhere in the industry. 

For example, Arnold 1 mil Silectron 
“C” cores—supplied with a guaran- 
teed minimum pulse permeability of 
300—are tested at 0.25 microseconds, 
1000 pulses per second, at a peak flux 
density of 2500 gausses. The 2 mil 
cores, with a guaranteed minimum 
pulse permeability of 600, receive 
standard tests at 2 microseconds, 400 
pulses per second, at a peak flux 


density of 10,000 gausses. 

The test equipment has a variable 
range which may enable us to make 
special tests duplicating the actual 
se, conditions of the trans- 
former. The pulser permits tests at 
.05, .25, 2.0 and 10.0 microsecond 
pulse duration, at repetition rates 
varying anywhere from 50 to 1000 
pulses per second. 

This is just another of Arnold’s 
facilities for better service on mag- 
netic materials of all description. 
@ Let us supply your requirements. 
The Arnold Engineering Company, 
Main Office & Plant, Marengo, Ill. 


RNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 


Circle 142 on Inquiry Card 





From General Electric..: 


STM RNa 
en 
MAGNETIC 
SUES 





> oe SIZE 3 
~ a * HEIGHT—9 2 INCHES 
ae ag NAP Ea tse elas 
—_ a ee =a s 
Ld . Nl AN —— ee 
mm. SIZE 4 


3 HEIGHT—10 INCHES 
WIDTH—8°% INCHES 


25% HEIGHT 


o si >. Now General Electric has reduced 
—— % the height of NEMA Sizes 3 and 4 
iene eres ces = contactors and starters 25 percent 
aut. te to save you panel material and con- 
or struction costs. These smaller 100- 
Line contactors and starters allow 
you to reduce the size of your con- 
trol panels. In many cases, you can 
now mount panels directly on the 
machines they control instead of 
building costly floor-mounted panels. 
Only 9% inches high (Size 3) 
and 10 inches high (Size 4), these 
starters are about the same height 
as circuit breakers, disconnects, and 
other major control components. 
This means straight wiring runs can 
be made across the panel with space 
between troughs determined by 
other components. 


ELECTRO-TECHNOLOGY 





(ff (FF 


Longer contact life — Unique 
angled mating of heavy 
silver-cadmium oxide con- 
tacts wipes off contaminants 
every time starter operates. 
This reduces arcing and pit- 
ting. Shape of 100-Line con- 
tacts assures positive “make” 
with less bounce. 


Simplified hook-up — Pressure- 
type terminals accept 1/0 
wire on Size 3 and 250 MCM 
cable on Size 4. Separate 
terminal posts contain fac- 
tory wiring leaving pressure 
terminals free for your wir- 
ing. Terminal posts accept 
crimp-on connectors. 


Improved arc suppression — 
Magnetic arc trap utilizes 
circuit breaker method of 
restricting and quenching 
arcs. Improved arc cover 
confines carbon to each 
separate chamber while ex- 
hausting ionized gases that 
could cause arc restrike. 


Easier installation—Starters 
have three-point keyhole and 
slot mounting — just hang 
starter on top screw and 
tighten. Straight-through 
wiring on 100-Line starters 
provides easier terminal 
identification and connection, 
shorter wiring runs. 


REDUCTION SAVES PANEL SPACE 


These new Sizes 3 and 4 starters 
are also simple to install and wire. 
The three mounting points are 
slotted, slip easily over mounting 
screws, and are readily accessible 
to power tools. Straight-through 
wiring, with all line terminals on 
the top and all load terminals on 
the bottom, makes hook-up and 
identification easy, and _ shortens 
your wiring runs. 

These new starters are part of the 
100-Line—a starter design with op- 


erational advantages already proved 
on over one million applications. 

General Electric 100-Line Sizes 
3 and 4 starters are now available, 
open or enclosed, in all popular 
forms. Call your G-E sales engineer 
or distributor, or write for GEA-7326. 
Section 811-25, General Electric Co., 
Schenectady 5, N. Y. 


You get MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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Save 16 square 
inches with new 
Size 3. Cross- 
hatched area 
shows outline of 
previous form. 


Save 17 square 
inches with new 
Size 4. Cross- 
hatched area 
shows outline of 
previous form. 





THERE ARE JOB-ENGINEERED DIFFERENCES IN EVERY CLASS OF 


GSS] 


There’s a “right-wire” for you in this full 


Essex line. Each one has job engineered dif- 
ferences specifically developed for your appli- 
cations. Selecting the proper Essex magnet 
wire will assure you of greater efficiency... 
with minimum trouble and down time. Some 
of the differences and applications are typified 


in the examples given below. 


Te ea a TS 


FORMVAR 


Service record unequaled in wire indus- 
try assures years of trouble free service. 
Size range—round wire 4 through 52 single, 
heavy, triple, quadruple. Squares and rec- 
tangles up to 100,000 square mils. 


Applications: Class A motor windings, 
round wire coils of all types, hermetic ap- 
plications when hermetic grade specified, 
shaped wire coils, oil filled transformers. 


NYFORM 


The complete dependability of Formvar 
with a plus factor in windability. Size 
range—round 4 through 44 single, heavy, 
triple, quadruple. 


Applications: High speed motor windings, 
hand tool motor armatures, Class A coils 
and transformers of all types. Particular 
adaptability where overload resistance is 
required. 


SODEREX ° 


Solderable without film removal. Size 
range—10 through 52 single, heavy, triple, 
quadruple. 


Applications: Electronic coils, light duty 
motor and armature windings, transformer 
coils, relays. The correct choice for a pro- 
duct requiring solderability without strip- 
ping in the finer wire sizes. Particularly rec- 
ommended for solderable insulation on 
sizes 28 and finer. 
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SODERON® 


Combines the features of Soderex 
with exceptional windability. Size 
range—4 through 44 single, heavy, 
triple, quadruple. 


Applications: Light duty stator and arm- 
ature windings, transformers, relays, 
coils. Particularly recommended for 27 
and heavier wire where solderability is 
a requirement. 


POLY-THERMALEX/PTX 


A Class F magnet wire at Class A 
prices offering machine windability. 
Size range—4 through 40 single, heavy, 
triple, quadruple. Squares ani. ec- 
tangles up to 100,000 square mils. 


Applications: General purposes—mo- 
tors Class A through F, dry type trans- 
formers, relay coils. An excellent re- 
placement for glass fabric wire. 


Licensed Under Patents Pending. 


PLAIN ENAMEL 


Premium wire at a reduced cost for 
coil work. Size range—10 through 52 
single and heavy. 


Applications: Relays, paper section 
coils, power transformers, low voltage 
automotive coils. Will not exhibit re- 
sistance to physical abuse associated 
with synthetic films. 


*E. I. duPont De Nemours & Co.— Type ML Resin. 


For your magnet wire planning contact Essex for instant assistance 
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ESSEX WIRE CORPORATION 


Fort Wayne, Indiana 
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Tomorrow's tubing technology — today 
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Parts courtesy of Automatic Metal Products Corp., Brooklyn, N.Y. 


Superior beryllium copper tubing has the properties 
that insure positive electrical connections 


High ratio of strength to electrical conductivity, exceptional 
Stability as a spring material, and excellent resistance to wear, 
fatigue and corrosion, these are characteristics of Superior 
beryllium copper tubing that make it an ideal material for 
contacts and connectors used in electrical applications. 

Another important advantage is that it can be cold worked 
and severely formed in the soft annealed or slightly work- 
hardened condition and then heat treated to obtain the re- 
quired spring properties. 

Superior beryllium copper tubing is available in seamless 
and Weldrawn® types in ODs from .012 to 1.125 in.; from 
% to 1% in. OD, the maximum wall is .035 in. Precision cut 
lengths can be supplied. 

Superior also offers Types 305 and 446 stainless steel, 1010 
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carbon steel, Monel,! ‘‘A’’ Nickel! and 30% cupronickel tubing 
for electrical contacts and connectors. Data Memorandum 
No. 7 gives complete information on beryllium copper tubing. 
Write for your copy today. Superior Tube Company, 2503 Ger- 


mantown Ave., Norristown, Pa. 
1 Reg. TM International Nickel Co. 


Superior Tube 


The big name in small tubing 
NORRISTOWN, PA. 


West Coast: Pacific Tube Company, Los Angeles, California 
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Tape so thin 
and fiexible...it 
looks “POURED ON!” 


Here is a Johns-Manville Dutch 
Brand Electrical Tape that is ex- 
actly right for insulating coil wind- 
ings and many other critical appli- 
cations. Called J-M Dutch Brand No. 
520, it is a flexible, stretchable poly- 
ester film only one mil thick... yet 
has dielectric value of over 4500 volts 
per layer. Thus, it affords outstand- 
ing insulating efficiency with mini- 
mum tape build-up! 

Moreover, No. 520 Tape remains 
stable at operating temperatures up 
to 125° C...has high tensile strength 
and tear resistance... serves as an 
excellent moisture vapor barrier... 
withstands attack by oil, grease, 
chemicals and solvents. 

One of 12 brand-new tapes for 


the electrical specialist, J-M Dutch 
Brand No. 520 Tape employs a ther- 
mosetting adhesive that does not 
lose holding power at high speeds. 
Its distinctive orange color makes 
for easy identification. 

Get complete facts on the full line 
of Johns-Manville Dutch Brand® 
Tapes today from your Dutch Brand 
man. Or write Dutch Brand Divi- 
sion, Johns-Manville, Box 359, New 
York 16, N. Y. In Canada: Port 
Credit, Ontario. Cable: Johnmanvil. 
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‘\ JOHNS-MANVILLE 


DUTCH BRAND TAPES 


Other J-M Dutch Brand Electrical Tapes for 
specialty applications, include... 


No. 510 Paper Tape has thin, flat backing 
made of strong rope stock . . . conforms to 
irregular surfaces ... thermosetting adhesive 
will not soften. 

No. 523 Polyester Tape is similar to No. 520, 
except backing is two mils thick. Orange ther- 
mosetting adhesive . . . dielectric strength of 
6500 volts. 

No. 530 Woven Glass Cloth Tape for use where 
paper, cotton or plastic backing might fail. 
High tensile strength. Dielectric strength of 
1500 volts. 

No. 524 Clear Polyester Tape similar to No. 
520, except one-mil film is clear and translu- 
cent. Thermosetting adhesive . ... dielectric 
strength of 4500 volts. 
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JOHNS -MANVILLE 


NOW—WE STINGHOUSE a oe ine phan ol 
“BLACK LINE” CONTROL ee an standard ratings from . 
TRANSFORMERS COVER ste ie Pipa standard stocks 
ALL VOLTAGE AND : = 


Fast factory service on special designs 


FREQUENCY REQUIREMENTS vou can be sure . .. if it's Westinghouse 


TYPE MTA 


Newly designed— 


TYPEMIC 1 | Sy ee 


: a lower if cost—espe- 
New design with high cially suitable for ma- 
copper-iron ratio, in- é - chine tool control and 
terleaved windings other applications 
(in ratings above 150 where mounting 
va)—ideal for appli- tye a space is critical and 
cations with high in- - NEMA standard reg- 


rush currents, opti- ulation is required. 
mum regulation at all 8 : eae 


loads. 
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TINY... 


Latest space-maker for size- 
conscious designers of transis- 
torized commercial and enter- 


tainment equipment is the new 


Sprague Type 157P Molded- 
case Filmite® ‘‘E’’ Capacitor, 
which combines unusual com- 
pactness with exceptional 


performance characteristics. 


TAN... 


Distinctive tan coloring identi- 
fies the Type 157P Capacitor 
and serves as your warranty 
of outstanding shock-and- 
humidity resistance. The tough 
molded armor also protects 
against possible damage 
during soldering operations, 
or changes in capacitance 
from mechanical pressure 
where wrapped capacitors are 
clamped or cast in assemblies. 


aa 
’ 
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TERRIFIC! 


Standard operating tempera- 
ture range is —40 Cto +85C. 
And with voltage derating, 
this outstanding capacitor may 
be operated to +105 C! Its 
high insulation resistance (due 
to the polyester film dielectric 
and molded housing) is another 
characteristic which qualifies 
the 157P Capacitor for critical 
coupling applications. 


For complete technical data on Type 157P Filmite “E” 


Capacitors, write for Engineering Bulletin 2065 


to Technical Literature Section, Sprague Electric 
Company, 307 Marshall Street, North Adams, Mass. 


SPRAGUE COMPONENTS 
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THE MARK OF RELIABILITY 


CAPACITORS 

RESISTORS 

MAGNETIC COMPONENTS 
TRANSISTORS 


INTERFERENCE FILTERS 
PULSE TRANSFORMERS 
PIEZOELECTRIC CERAMICS 
PULSE-FORMING NETWORKS 


HIGH TEMPERATURE MAGNET WIRE 
CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 
Sprague’ and ‘@” are registered trademarks of the Sprague Electric Co 
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Formerly Electrical Manufacturing — 


Reliability Endangered by Price Cutting 


FEARS ARE BEING EXPRESSED that overall reli- 
ability objectives—particularly for military sys- 
tems—are not being met because of highly 
competitive bidding for major military contracts. 
The bidding is reflected back in sharp purchas- 
ing practices on component parts. A _ prime 
contractor is often required to select the lowest 
bid from any manufacturer whose products are 
named in a Qualified Products List (QPL). 
The weakness here is that, to be listed on the 
QPL, a parts or materials manufacturer at 
present need do no more than get a small 
sample approved: thereafter, he is “in.” There 
is no assurance to the systems designer that 
future parts will meet the same tests, particul- 
arly as to reliability of performance. 

Efforts are now being renewed to put into 
practice the reliability specifications recom- 
mended in the 1958 report of the Study Group 
on Parts Specification Management for Relli- 
ability (the Darnell Report). One of the main 
objectives is to include test requirements to 
prove compliance with reliability levels speci- 
fied in terms of failure rates obtained by life 
testing. Such testing obviously adds to manu- 
facturing costs and must be included in the 
sales price. 

Accelerated life tests on semiconductor de- 
vices have indicated that failure rates can be 
kept very low—below 1 unit in 500,000 per 1000 
hr. But reputable manufacturers in the chaotic 
semiconductor industry, where profits have 
vanished and inventories are being dumped, are 
wondering how they can maintain quality and 
still survive. In recent years we have seen the 
mushroom growth of semiconductor manufac- 
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turers—mostly by split-offs from the early pro- 
ducers. To gain competitive advantage, type 
variations have been endless, and there has been 
so little restraint in assigning EIA numbers that 
the systems designer is today confronted with 
the task of choosing from among thousands of 
diodes and transistors. The widespread adoption 
of new production techniques such as epitaxial 
crystal growth has created new characteristics 
but has also added to the inventory problem. 

There is one sure way to offset the cost-profit 
squeeze, and that is through increased reliance 
on standardization procedures. In 1958, the 
Navy issued a report* on preferred circuits em- 
ploying standard transistors of known character- 
istics that had a history of quality control behind 
them. Adoption of such circuits would not only 
save circuit design and testing time, but would 
also provide high levels of predictable reliability 
and legitimate reasons for cost reduction in 
purchased components. 

If it is not possible to adopt standard circuits 
and standard components, the systems designer 
faced with an overall reliability objective should 
interpret his needs in terms of specific failure 
rates in his parts specifications. Then he should 
accept cost factors relating to the quality as- 
surance testing inherent in his specifications. 


Frmr£Q) Ch 0+ 


Editor 


* Handbook, Preferred Transistor Circuits, Navy Aeronautical 
Electronic Equipment, August 1958 (U. S. Government Printing 
Office). 





Improving Analog-Circuit Reliability 


with Redundancy Techniques 


The reliability of most, but not all, analog 
circuits (such as a d-c amplifier) can be 
improved considerably by the use of dupli- 
cate circuits or components. Both active and 
passive redundancy techniques may be used. 
but active redundancy (involving a switch- 
ing operation) is usually the most appli- 
cable and effective. The increase in the re- 
liability obtained is a function of the type 
of circuit. the part failure rates, and the 
time over which the reliability is expected 


to be effective. 


ALBERT A. SORENSEN 

Research and Development Division 
Space TecHNOLOGY Laporatories, INc. 
Los Angeles, California 


IN ITS PUREST MEANING, the word “redundant” refers to some- 
thing that is superfluous—not needed. As the word is used 
today by designers of electrical/electronic equipment, a re- 
dundant part or a redundant circuit is not only needed but, 
for the sake of improved reliability, may be a prime requisite. 
Thus, the use of redundancy as a design technique implies 
the use of duplicate components or circuits (sometimes with 
a suitable switching device to choose between them) and 
“redundancy techniques” are the tools which the designer 
uses in achieving the best available reliability through the 
use of redundant parts. The use of redundancy in obtaining 
reliability should not be considered, of course, until simpler 
techniques (such as derating. simplification, and lowering 
environmental requirements) have been sufficiently utilized. 

In a previous article,* the application of redundancy 
techniques to achieve reliability in digital circuits was dis- 
cussed. Redundancy is often necessary in analog circuits 
also—although, in general, not all analog circuits can be 
made redundant and, for those that can, the relative im- 
provement is usually less than for digital circuits. The reason 
for this is apparent if one considers the inherent nature of 
digital and analog circuits. Whereas digital circuits are 


* See “Digital-Circuit Reliability through Redundancy,” A. A. Sorensen, Evecrro 
Tecnnoiocy, July 1961, p 118 
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characterized by being extremely non-linear and having two 
discrete, easily distinguished states, analog circuits may be 
linear or non-linear and they have a continuous range of 
states (or portions of them do). 

The more commonly thought-of analog circuits are a-c 
and d-c amplifiers; but networks, power supplies, oscillators, 
modulators. demodulators, motors, gyros, and many other 
circuits and devices are analog in nature. Such circuits as 
Schmitt triggers, one-shot multivibrators, pulse stretchers, 
etc.. which are semi-digital, have portions that are analog 
and may not (in general) be handled by digital-circuit re- 
dundancy methods. Such methods give a type of “complete 
redundancy” which is impossible in many analog circuits. 
By “complete redundancy” we mean that any part failure 
in any mode of operation will not change the operating 
characteristics of the circuits. In the case of an analog 
device such as an a-c amplifier, for example, any single part 
failure must not change the input impedance, the voltage 
gain, or drastically increase the power requirements. In 
digital circuits, on the other hand, gains, impedances, etc., 
can change over certain limits as long as the two different 
logic states can be distinguished. 

Complete redundancy cannot be applied to even so simple 
an analog circuit as a resistive voltage divider if the voltage 
division must remain constant and the input impedance can- 
not change. If certain limits are imposed on these charac- 
teristics, it may be possible to achieve a limited form of com- 
plete redundancy by the use of a large number of parts, but 
this is a brute-force technique which we will not consider 
here. 

It is possible, however, to apply a sort of “incomplete” 
redundancy, where certain parts of the circuit may be made 
redundant and certain others may not be. This is called 
“partial” redundancy and, in many cases, it is the only way 
redundancy can be applied to analog circuits. For the pur- 
poses of this article, then, we are referring to redundancy 
as a technique which improves as much as possible the re- 
liability of a circuit without changing the circuit operating 
characteristics. 

There are two types of redundancy which can be applied 
to analog circuits; “passive” and “active”. The primary 
difference is that the latter involves a switching action in 
choosing between circuits which is not present in the former. 
The previous article on digital redundancy covered only 
passive techniques, although it is possible (but not neces- 
sary) to apply some of the active techniques to digital cir- 
cuits. 


Passive Redundancy 


Passive or non-switching redundancy uses components 
and/or circuits in parallel with passive logic in such a way 
that the component or portion of the circuit that has not 
failed is used and the component or portion of the circuit 
that has failed is ignored. In analog circuits it is usually 
impossible to get complete redundancy with this method. 
Some analog circuits, such as modulators and demodulators. 
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may be treated by this method, applying the redundancy at 
the component level; however, passive redundancy is usually 
applicable only at the circuit level. In an analog circuit, 
if the output amplitude can be made always to decrease 
in the event of a failure, it is usually possible to provide a 
passive decision circuit which will automatically choose the 
largest and, therefore, correct output. Some means must 
also be used to make the decision circuit redundant or, at 
least. simple. In addition. it is necessary to insure that fail- 
ures in one circuit do not affect any other circuit in parallel 
by changing the input voltage or impedance. Usually, there- 
fore, input isolation (requiring additional, probably non-re- 
dundant circuits) must be provided. As will be shown later, 
the non-redundant circuits included for input isolation and 
for decision purposes usually make the passive redundant cir- 
cuit less attractive from a _ reliability-vs-weight or power 
standpoint than the various active redundancy methods. 


Active Redundancy 


Active or switching redundancy uses circuits in standby 
to be switched into operation when and if the main circuit 
fails. The technique then involves three elements: (1) the 
main circuit, which is used until a failure occurs; (2) one 
or more alternate circuits, which are sequentially switched 
into operation as failures occur in the circuit then in use; 
and (3) a failure-detecting circuit, which can sense a failure 
of any kind and cause the appropriate switching to take 
place. The switching may be made redundant by using 
combinations of relay contacts. It will be seen that active 
redundancy can be used to provide complete—or almost 
complete—redundancy. Different results are obtained, de- 
pending on whether or not the standby elements are being 
degraded in reliability while they are inoperative. For ex- 
ample, motors and similar mechanical devices are assumed 
not to fail while inoperative, whereas transistors and their 
circuits are assumed to have some failure rate when not in 
operation. This aspect and its ramifications will be ex- 
amined further later in the article. The different types of 
active redundancy differ in the type of failure-detection cir- 
cuit used. These will now be described. 

e Output D-C Level Detection. We will use a common 
analog amplifier to illustrate the various types of active 
redundancy. An a-c amplifier that is internally d-c coupled 
has the property that any failure of any part (with a few 
exceptions to be noted later) will cause the d-c component 
of the output voltage to change. This change (either up or 
down) may be detected by a suitable circuit which will 
cause a redundant amplifier to be switched into use. To 
extend the redundancy, this second amplifier may also have 
a detector, etc. The only failures that cannot be sensed in 
this way are capacitor failures. Since capacitors are usually 
used for coupling and decoupling and are not critical in 
value, they may be made redundant by standard-part-redun- 
dancy techniques. For example, if opens in capacitors cannot 
be detected, parallel-part redundancy can be used. If shorts 
cannot be detected, series-part redundancy can be used. If 
neither shorts nor opens can be detected, a redundant quad 
will be necessary. 

To apply the technique of output-level detection, it is 
necessary to build the circuit and then measure the d-c out- 
put voltage as each part is sequentially failed in each of its 
modes. The detector circuit must then be designed to detect 
the smallest increment of change caused by a failure in 
either the increasing or decreasing direction. A relay then 
switches out the failed amplifier and substitutes a redundant 
amplifier. For redundancy in which more than two amplifiers 
are used, the relay connections are as shown in Fig. 1. The 
power to the amplifiers may also be switched to reduce total 
power consumption, but this takes twice as many relays. Each 
individual amplifier may be of any number of stages, but it 
must be internally d-c coupled. The smaller the number of 
stages, the better will be the reliability. Note that this tech- 
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nique will also protect against severe degradation failures. 
Standard circuits (with the exception of the redundant 
capacitors) are used for the amplifiers, with only the detec- 
tion circuit offering any design problems. 

e Carrier Detection. In this technique, a high-frequency, 
constant-amplitude signal is added to the normal input 
signal into the amplifier. The amplifier must be capable of 
sufficient bandwidth to handle both signals and must be de- 
signed so that any failure will lower the voltage gain. The 
constant-amplitude, high-frequency output is separated from 
the normal output by a high-pass filter. This special output 
is then detected and compared to a standard. If the output 
is less than it should be, a failure has occurred and a re- 
dundant amplifier is switched into use. If the high frequency 
is sufficiently higher than the normal highest frequency, the 
filter can be simple and the detector circuit is uncomplicated. 
Care must be taken that any failure lowers the gain of the 
amplifier. In particular, decoupling capacitors and resistors 
causing multi-stage negative feedback must be examined and 
part redundancy applied where necessary. The amplifier 
may be a d-c or an a-c amplifier. 

e Input-Output Comparison. Assuming that an amplifier 
has a gain of A, it is possible to attenuate the output of the 
amplifier by 1/A and compare the input to the output. If 
the two do not match, a failure is indicated and a redundant 
amplifier is switched into use. As in the previous method, 
if the gain can go down only due to a failure, the compari- 
son circuit is relatively simple. It is important that failures 
do not drastically lower the input impedance of the ampli- 
fier, since the previous stage would then be overloaded, 
lowering the voltage gain of that stage and obscuring the 
actual failure. Another disadvantage of this technique is 
that the comparator must operate at very low signal levels. 
An alternate method that avoids low-level problems uses 
two amplifiers. In this case, the two outputs are compared 
and, if they are not the same, a new pair of redundant amp- 
lifiers is used. The advantage of this system is that the 
comparator is simpler, but twice as many amplifiers are 
needed. Here, also, some protection must be provided against 
input impedance changes due to failures. 

e Majority Comparison. In this method, three identical 
amplifiers are used, only one of which is normally con- 


Detection circuit No.1 Detection circuit No.2 


Relay connections for multiple-circuit redundancy. 


Differential 
omplifier 


Differential 


nverter 
omplifier 


Fig. 2 — Majority comparison logic. 








Fig. 3 — Sequential-output comparison circuit. 
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- Alternate comparison circuit. 


nected to the output. If we let the outputs of the three 
amplifiers be A, B and C, then, as long as A = B, output A 
is used. If A B, and B = C, output B is used. Amplifier 
C is used only to insure that, if A + B, it was not B that 
failed. The logic circuit for making the decisions is shown 
in Fig. 2. The circuit is quite complicated, a major disad- 
vantage of the technique. Note that the logic equations are 
A = (A = B) + [(A < B)-(B ~ C)] and B = 
(A ~ B)-(B=C). 

e Sequential Output Comparison. This technique em- 
bodies portions of the previous two. A schematic is shown 
in Fig. 3. A number of identical amplifiers (five in the 
figure) and one comparator are used. Initially, amplifier A 
provides the output and A and B are compared. If A + B, 
the output is provided by B, and B and C are compared. 
If it was B that failed, another switching occurs and the 
output is taken from C. Now C = D, and the switching stops 
until another failure occurs. For the special case where the 
gain would go down only due to a failure, the comparator 
can be designed so that it will not step if N => N+ 1 
(where \V represents the value of the output). but will 
step if V + 1 > N. Switching contacts in addition to those 
shown in the figure should be provided to switch the power 
supply. If a rotary stepping relay is used, it can be con- 
nected so that amplifier A follows E in the sequence. Note 
that a failure in the comparator prevents switching in the 
event of a failure elsewhere. This method could also be 
accomplished using a number of comparators and logic cir- 
cuits with conventional double-pole, double-throw relays 
instead of a stepping relay. Such an arrangement might 
give greater reliability and smaller size. 

e Alternate Comparison. In this method, the input and 
output are switched first to amplifier A and then to amplifier 
B (Fig. 4). While amplifier A is functioning as the amplifier, 
amplifier B is amplifying a standard signal. If the standard 
signal is not amplified properly, there is a failure in ampli- 
fier B and A continues to amplify the main signal. A similar 
situation would exist if amplifier A failed. The advantage 
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Fig. 5— Block diagram of active redundancy. Units A and B 
are the redundant elements. Unit D is a decision circuit. 


of this technique is that failures causing input shorts are 
immediately detected without causing more than a minor 
transient in the system. In addition, the circuits are simple. 
Note that this method is similar in many respects to other 
methods previously discussed. 


Redundancy Formulas 


Before giving examples of the application of redundancy, 
it is well to consider the formulas necessary in evaluating 
the reliability of the various possible redundant connections. 
It is first necessary to obtain some component failure rates 
to be used in calculations. The following figures have been 
obtained experimentally. They assume that the parts display 
constant failure rates, that these rates have been made a 
minimum through derating and proper environment control, 
and that no wear-out failures occur. 


Failure rate 
per cent/1000 hr 
transistors (silicon)— , 0.018 
diodes (silicon)— Az .0036 
resistors, (carbon)—), .0015 
potentiometers— A, .010 
transformers—, .020 
capacitors (paper)—). .001 
capacitors (tantalum)—\, .005 
The probability of success of a circuit for a period of 
time, t, is 
P = e~®X107 
where \ is the sum of the failure rates for all the parts 
in per cent per 1000 hr and t is the time in hours. It may be 
shown that, for tA X 10° less than 0.01, 


P=>1-iHX10°% 


It is somewhat easier to work with the probability of failure, 
Q, of a circuit rather than the probability of swccess. There- 
fore, since 0 = 1 — P, 


Q=t X 10° 


It can be shown that, for series-pair redundancy as ap- 
plied to parts, with the assumption that the probability of a 
part’s shorting is equal to the probability of its opening, 
the failure probability of the pair’s shorting is g?/4. The fail- 
ure probability of the pair’s opening is gq — q*/4, and the 
failure probability of the pair's opening or shorting is q. 

For parallel-pair redundancy as applied to parts, with the 
assumption that only opens can occur, the failure probability 
of the pair’s opening is qg®. For a parallel-series quad re- 
dundancy as applied to parts, with the assumption that 
parts may open or short with equal probability, the failure 
probability of a quad open or short is approximately 3q?/2. 
These formulas, while developed for parts, may be applied 
to entire circuits and systems in which passive redundancy 
is applicable. For example, if two circuits operate in 
parallel, so that the failure of one will not short the input 
or output of the other, the result for parallel-part redund- 
ancy is applicable. 

The formulas just given apply to passive redundancy. In 
any realization of active redundancy, a minimum of two 
elements is needed in addition to a decision circuit. Such a 
system is shown in Fig. 5. In the non-redundant system, of 
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course, only element A would be used. It will be assumed 
that elements A and B are identical, and that they are the 
same as element A would be if it were non-redundant. These 
elements may be parts, circuits, systems, etc. 

In normal operation (before any failures), element A is 
in use. If A fails, the decision circuit D detects this failure 
and permanently removes A and switches B into use. Ele- 
ment B then operates until it fails. At that time the system 
fails. There is, however, a chance that D will fail before A 
does. If so, two different things may happen. The first is 
that D will become insensitive, preventing the transfer to 
B if A fails. The second is that the failure in D will be 
interpreted as a failure in A, transferring the operation to 
B needlessly. 

Since a failure in element D may cause the usage of either 
A or B, two probabilities must be associated with D. First, 
let 4g = Aaa + Aap, Where dq is the total failure rate of D, 
Aaa is the failure rate of D causing permanent prevention of 
transfer to B, and \,, is the failure rate of D causing per- 
manent transfer to B. We may also define 


Pz =e tae 
a 


etc. 

One other distinction arises. What is the nature of B 
when it is not in use? If the power to A and B is switched 
along with the inputs and outputs, B might have a much 
lower (or zero) failure rate as long as A is operating 
properly. For some types of devices, such as gyros, motors, 
etc., the failure rate of B would be zero when it was not in 
use. For many other types of devices, such as electronic 
circuits, the failure rate of B might be the same or almost 
the same whether it were energized or not. This would be 
the case if the environment were the principal contributor 
to unreliability or if the device were normally derated to 
essentially zero at normal operation. If B continues to have 
a failure rate when it is not in use, the reliability of the 
system using active redundancy will be lower than for the 
case where B does not have a failure probability when it 
is not in use. 

If the failure rate is independent of operation (a situation 
which is similar to simple parallel redundancy), the proba- 
bility of system success, P,, is 


P, =1—Q, =1—(1 — P.Péa(l — PsPwv) 
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Fig. 6 — Non-redundant 


from which 


Q. = (1 — PaP aad — PsP a) 
= (1 — (1 — Q.)(1 — Qaa)] [1 — GQ — QC — Qa)] 
= (Qa + Qaa — QaQaa)(Qe + Qa — QQ) 


If element B has the same failure rate as element A, 
Q, — Q, and 


O; = (0. “+ Oua — O.Qaa)(Qa + Ou = O.Qa) 
= Q.? + QaQaa — Qa?Qaa + QaQar + QaaQa — QaQaaQas — 
0.200 — OaOtaQas + Oa2O1aOe 


Neglecting terms higher than the second order, 
0. = Qe? + On(Qaa + Ow) + QaaQav 


The same result may be obtained in a different way, per- 
mitting slightly easier calculations. From the first equation 
above, 


P, " 0, ¢ a Pa ™ P,) 


where 
P, = PuP aa 
P, = PoPa 


Then Q, = Q,Q, and 


P, = exp —l(\a + Aaa) 
Py = exp —&(rXs + Aa) 


It is thus seen that the failure rates of element D may be 
added to those of the A and B elements to find the probabili- 
ties P, and P,, from which the system success or failure 
probability can be found. 

If the failure rate of the redundant element is zero when 
it is not in use, and for the simple case where no decision 
network is used (or where the decision network is perfectly 
reliable), it has been shown that* 


P, = Pl + ta) 


QO, = Qa —-l+ QalXa 


From the same source comes the general case wherein a 
decision network is present. In this case, where 4, = Aj, 


* “‘Maximization of the Reliability of a Complex System by the Use of Items in 
Sequences,”’ L. A. Aroian, Space Technology Laboratories Report TM/60-0000-00034. 








a-c amplifier. 


OCTOBER 1961 





Decision 


circuit 


Fig. 7— Block diagrams of non-redundant (a) and redundant 
(b) a-c amplifiers. 


sa ie | 


Note that this result is independent of the relative ratio 
of Aga to Agp- Also, 


P, = e~™ + (,/rge7 “(1 


P, = (1 — Qa) + (ra/Aa(1 — Qa) Qa 
0, o 1 sail P, _ i“ id —- 0.) + CAs ADA al Q.)Q4) 
= Oa — (Aa/AaM(1 — Q.)Q2 


This always gives a lower failure probability than does the 


previous case. 


Applications of Passive Redundancy 


Examples of passive redundancy to be given include an 
a-c amplifier, a d-c power supply, and a modulator circuit. 
It will be seen that in all cases, some of the circuits are in 
series for reliability purposes. That is, complete redundancy 
has not been achieved. It is desirable to simplify these 
series circuits as much as possible. 

e A-C Amplifier. The schematic of a typical non-re- 
dundant a-c amplifier is shown in Fig. 6. The circuit has 
adjustable gain and adjustable phase shift, and consists of 
a multi-stage class-A amplifier driving a class-B amplifier. 
This particular amplifier is designed for a 4.8-ke carrier fre- 
quency. To make the amplifier redundant. it is necessary to 
add an additional circuit to the input to prevent the failure 
of a part in the amplifier from causing the input impedance 
to the system from changing more than some nominal per- 
centage. It is also necessary to provide an output decision 


+ 


Fig. 9 A-C amplifier 
modified for redundancy. 


70 


Fig. 8 — Schematic diagram of input 
circuit for redundant a-c amplifier. 


circuit that operates to choose the amplifier channel that 


has not failed. 
Figure 7 is a block diagram of the non-redundant and 


redundant arrangements for the a-c amplifier. Figure 8 is 
a schematic of the necessary input circuit for the redundant 
system. Each of the amplifiers has an input impedance of 
about 150 k when operating properly. For various failures 
in either of the amplifiers, this input impedance may go 
as high as infinity or as low as 75 k, except for a base-to- 
collector short in Q,. for which there is no protection. The 
objective of the input circuit is to cause any change of input 
impedance in either amplifier due to a failure in that ampli- 
fier to be absorbed so that there is a relatively small change 
in the input impedance to the system. The design shown 
will give a system input impedance between 146 k and 153 k 
for all failures in either amplifier (except the short in Q, 
previously mentioned). The failure probability of the input 
circuit is 


Qi = qs + 2qr + 3q-7/2 


Note the use of the redundant quad for the input capacitor. 

The class-A portion of the amplifier must be slightly 
modified so that any failure in this section will always cause 
the a-c voltage gain to decrease. In particular, capacitors 
C, and C, (Fig. 6) must be prevented from opening and 
shorting, respectively. Parallel- and series-redundant capaci- 
tors in these positions prevent these failures. In addition, C, 
must be made series-redundant to protect against a short in 


0-30 volts 
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the input which would change the biasing. These changes 
are shown in Fig. 9. 

It will be shown later that the decision circuit can switch 
in a new amplifier if the voltage gain of the failed amplifier 
decreases, but the system will fail if the voltage gain in- 
creases. The failure probability of the class-A portion of 
the a-c amplifier must therefore be split into two parts. One 
part, Q,, causes only the single amplifier to fail. The other 
part, Q,,., causes the entire system to fail. It may be shown 
that 

Qa = 4qs + 8qr + 2p + Gt + 3qe + Aas 


The redundant elements do not change this expression. Note, 
for instance, in the case of C, that we are concerned only 
with opens, which are assumed to constitute half of the 
failures for either C,, or C,,. Thus, 2q¢,/2 = q,. 

The probability of overall system failure as a result of 
a failure in this amplifier is 


Qasr = 2/6 + G2?/4 + Ge + Op +97? + 977/14 


The first term accounts for those failures due to a collector- 
to-base short in Q,. The second term is the probability of 
C,, and C,,, shorting. The third and fourth represent the 
probability that the phase-shift network made up of C, 
and R.- will fail (which cannot be guarded-against in any 
way). The fifth term is the probability of both C,, and 
C., opening. The last term is the probability of both C, , 
and C,, shorting. Note than any other failures cause the 
voltage gain of the amplifier to decrease. 

Figure 10 shows the two modified class-B amplifiers and 
the decision circuit. It is necessary to have the decision 
circuit work with a push-pull output so that the “larger” 
signal will be chosen for both half cycles of the output. 
Diodes D, through D,, perform the choosing function and 
the signals are recombined in transformer T.,. The four 
diodes act as two oR gates in which the larger signal is 
always the one chosen. Resistors R,, through R,, and R,,, 
through R,,, bias the diodes in conjunction with the transis- 
tors of the two class-B amplifiers. 

All of the transistors in the class-B amplifiers are in 
series pairs, so that a short in any one of them will not 
affect the output. Note that an open in any of these 
transistors would make no difference, since that would cause 
the output to go down. The biasing resistors in the Class-B 
amplifier and the resistors in the decision circuits are all 
in parallel redundancy, so that an open in any one of them 
will not cause the output to increase. An open in one of 
the diodes causes only a failure in one channel and does not 
make the entire system fail. A shorted diode has no effect 
if there are no other failures. The output transformer is in 
series redundancy for the system. The failure probability 
of each class-B amplifier is 

Q = 4q: + 3q,/* 
The failure probability of each half of the decision circuit is 
Qa = 2qa + 247 
The effect of the decision circuit (plus two class-B amplifiers. 
plus the output transformer) on the system reliability is 
Qhas = Qt + 4927/4 + 109/77 


The second term is the probability of any of four pairs of 
transistors shorting. The third term is the probability of 10 
pairs of resistors opening. The overall system reliability is 


Q, = Qi + (Qa + Qo + Qa)? + 2Qas + Qoas 


Substituting, 
Os = ds + 2qr + 3q2/2 + qe + ge? + 109? + g./3 + g-2/2 4 
) 


2qe + 2gp + 5qs?/2 + (8G. + 8qr + 5q7 ~ 2qy 4 
qt + 3qe + 4qy + 2qa)? 


Substituting in the values of failure rates, 
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Groundo Output 


$13296 


All transistors 2N657 


All diodes IN469 


Fig. 10 — Modified 
class-B amplifiers 
and decision circuit. 


O, = t X 10°°(1.33 X& 0.018 + 2 K 0.0015 + 0.020 + 
2x 0.001 + 2 X 0.010) + & K 107°((2 K 0.0012 + 
0.018? + 10 X 0.0015? + 2.5 XK 0.005?) + (8 K 0.018 + 
8 X 0.0015 +5 X 0.0015? + 2 K 0.010 + 0.020+ 3 X 
0.001 + 4 X 0.005 + 2 X 0.0036*)] 


Q, = 6.9t X 107 + 5.148 X 10" 


For a period of one year, t == 8.76 X 10° hours, and 


Q, = 6.4 X 10-3 
For the non-redundant amplifier shown in Fig. 5, 


Q, = 6qs + 10g, + 2qp + 2q- + 4g + 24 
=X 10-6 X 0.018 + 10 K 0.0015 + 2 K 0.010 4 
2x 0.001 + 4 X 0.005 + 2 & 0.020) 
0.205¢ X 1075 


D-C to d-e static converter. 





Fig. 12 — Connections for redundant static converter. 


Using the same value of ¢t for one year as before, 
Q, = 1.8 X 107 
If we define “reliability improvement factor” (RIF) as the 


ratio of non-redundant reliability to redundant reliability, 
then, in this case, 


RIF = 1.8 X 10°7/6.4 X 10° = 2.81 


The form of redundancy used here will thus achieve an 
improvement of only 2.81, but will require about 2.2 times 
the power, 3.3 times the number of parts, and about 3.5 
times the volume of the non-redundant circuit. It could be 
shown that the same circuit, if treated with active redund- 
ancy, would give a substantially better result. The difficulty 
with the circuit involved here is that there are many circuits 
in series, which lowers the overall reliability. 

e D-C Power Supply. The schematic of a simple d-c to 
d-c static converter is shown in Fig. 11. The circuit is self- 
starting and oscillates at a rate determined by the input 
voltage and the self-saturating properties of the magnetic 
cores. Except for the output capacitor, C.,, if any part fails 
in any way, the circuit will stop oscillating or will refuse 
to start. In any case, the output voltage will decrease. When 
a failure occurs, either the input impedance will go up, 
stay the same, or appear as a short. 

If two identical circuits are used in parallel, some means 
must be found of choosing the proper output and protecting 
the input. Figure 12 shows how fuses may be used to protect 
the input from shorts and diodes may be used to perform 
the decision function in the output. If one converter circuit 
has a lower output than the other, its diodes will be back 
biased and will not conduct. The diodes should be connected 
as shunt-series quads to protect against self-failure. The out- 
put capacitors of each of the converter circuits should also 
be in quad form. 

The redundant-circuit failure probability is 


Q. = Qa + (Qs + Qo)? 


Fig. 13 — Non-redundant Bright switch demodulator. 


where Q, is the failure probability of the diode quads, Q, 
is the failure probability of the fuse, and Q, is the failure 
probability of the converter. The values of Q; and Q, may 
be determined from the following: 

Qa =2xX 3qa?/2 = 3q2” 

Qa = 2g. + Qt + 2a + 2G + Gy 


Substituting, 
Q. = 3qa* + yee + 242 + 9 + 2Ga + 2G, + Gs)? 


If the failure rate of the fuse is 0.010 per cent per 1000 hr, 
the failure probability is 


Q, = X 107 °[(3 K 0.00367) + (0.010 + 2 X 0.018 + 
0.020 + 2 X 0.0036 + 2 X 0.0015 + 0.005)?] 
= 6.6 X 10°F 


one year, 
Q. = 5.07 X 10> 
the non-redundant converter circuit, 
= 2g. + q + 2q7 + 2qa + 2G, 
= 2 X 10°42 X 0.018 + 0.020 + 2 K 0.005 + 


2 X 0.0036 + 2 X 0.0015) 
= 7.6 X 107% 


For one year, 
Q, = 6.66 X 1073 
The reliability improvement factor is 
RIF = 6.66 X 107*/5.07 X 107° = 131 


The increase in the number of parts to achieve this im- 
provement is about 2.2 times; in the power required, about 
1.1 times; and in the volume, about 2.5 times. For the con- 
verters using a regulator, the same basic technique may be 
used, but the regulator must be designed so that any failure 
will cause the output voltage to go down. 


Fig. 15 — Redundant relay contacts for switching purposes. 


és 
Fig. 14 — Single element of redundant Bright 
switch demodulator. 
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e Demodulator Circuit. A Bright switch demodulator 
which can be used in either a modulator or a demodulator 
is shown in Fig. 13. This circuit may be made redundant 
except for the reference transformer which drives all of the 
transistors. Figure 14 shows the redundant version. Each 
transistor is replaced by a quad combination of transistor 
plus resistor. The drive voltage must be great enough so 
that a base-to-emitter short on any transistor will not reduce 
the input to the other transistors. The series resistors absorb 
this excess voltage. 

The failure probability of the non-redundant circuit is 


Q; = 4q; + qt + 4q, 
t X 10-54 X 0.018 + 0.020 + 4 X 0.0015) 
= 9.8 X 107 


For one year, 
Q, = 8.6 X 10° 


The failure probability of the redundant circuit is 


Qs = 4[3(q. + 9-)?/2] + % 
= 6(0.018 + 0.0015) X 107° + 0.020¢ X 107° 
= 2.32 X 107 + 2t x 107 


For one year, 
Q, = 1.93 X 107% 
The reliability improvement factor is 
RIF = 8.6 X 1073/1.93 X 10-3 = 4.5 


The improvement is thus rather low. The number of parts 
has been increased by a factor of 4. The power required 
has been increased 4.2 times, and the volume is about 3.5 
times as great. A redundant diode modulator would give 
slightly better results because of the lower non-redundant 
failure probability. 


Applications of Active Redundancy 


In illustrating active redundancy in analog circuits, we 
will use an a-c amplifier, a d-c amplifier, and an a-c motor. 
Since, in all cases, switching of the input, output and/or 
power is involved, the type of switching to be used must 
first be examined. The switching will be accomplished with 
latching relays. It is assumed that these relays will not 
fail in such a way that there are no completed contacts at 
all, and that once they are latched, they are not subject to 
failure. It is also assumed, however, that they may fail so 
that they do not transfer the circuits properly either because 
the normally-closed contacts are welded shut, because of 
mechanical failure, or because the solenoid is open or 
shorted. The contacts may be used redundantly to insure 
maximum reliability. For example, if an input (or output) 
lead must be transferred from one circuit to another, the 
circuit of Fig. 15 may be used. The coils of relays K, and 
K, are connected in parallel. Note that, if either relay oper- 
ates, the input is properly transferred. 

Since each relay has double-pole, double-throw contacts, 
only three relays are required to switch both input and 
output. However, five relays are required if it is also neces- 
sary to switch the power circuit (assuming only one power 
lead). In the case where three relays are used, the relay 
failure probability is 


Qe = 2(1 — qudge? + ge = 2g? — gu? = 2G? 


e A-C Amplifier. The circuit used to illustrate the ap- 
plication of active redundancy to an a-c amplifier is shown 
in Fig. 16. The amplifier is internally d-c coupled and ex- 
ternally a-c coupled. This makes it adaptable to the method 
of detecting output d-c level to achieve redundancy. 

An analysis will show that, for any failure of any part 
in the amplifier, the d-c level at point A will change except 
for the following failures: C, open, C, open, C, open, C, 
open. All of these failures may be prevented by using shunt 
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pairs for all capacitors. Further analysis (or test, which is 
easier) shows that the failures causing the least change in 
the d-c voltage at A are an emitter-to-base short in Q, (which 
causes a 12 per cent drop) and an open in Ry (a 47 per 
cent increase). The decision circuit must therefore be de- 
signed to switch in a new amplifier if the d-c voltage at 
point A changes as much as —5 per cent or +25 per cent. 
Such a circuit is shown in Fig. 17. It is assumed that only 
inputs and outputs of the redundant amplifiers are switched, 
so that only three parallel latching relays are used. 

The detection circuit is capable of sensing changes in 
the d-c operating point in either direction because of the 
action of the differential amplifier composed of transistors 
Q, and Q,. Zener diodes Z, and Z, and resistor R, form 
an or gate. If the level at point A goes either too high or 
too low, the gate is turned on to fire the silicon controlled 
rectifier, Q,, and energize the relays. Capacitor C, prevents 
the a-c signal from appearing at the gate of Q,. The con- 
trolled rectifier is turned off by the action of capacitor C, 
and resistor R,. 

An analysis of this decision circuit shows that self- 
failures fall into two groups: (1) those that prevent transfer, 
and (2) those that cause unnecessary transfer. The latter 
are more common. The failures that would prevent transfer 
are: a short in C,, an open in C,, any open in Q,, or a gate- 
to-cathode short in Q,. The failure probability that there 
will not be a proper transfer is: 


Qua = qs Sa 2q./3 


The failure probability that there will be an unnecessary 
transfer is: 


Qa = 10q:/3 + gy + 8qr + 2qa + 2%? 
The failure probability of each amplifier is: 


Qa ” iq; + 84q; + 24s + 24- 


C3 
47 uf 
35 volts 


Fig. 17 — D-C level detection circuit for a-c amplifier. 





z = 2q/? + 24° 
QO. = Qe? + Qa(Qaa + Qas) + QtaQae + Qe Substituting the failure probabilities in the above formulas, 
and for a time period of one year, we find that the non- 


redundant probability is 8.4 x 10° and the redundant 
probability is 1.565 x 10°-*. The reliability improvemeni 


The failure probability of the redundant system is: 


where Q, is the failure probability associated with an open 
in any shunt pair of capacitors, determined as follows: 


+20 voltso 
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Fig. 18 — Non-redundant d-c amplifier. 
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Fig. 19 — Oscillator for generating 10-ke constant signal. 


>> 
Fig. 20 — Detector circuit to determine level of 10-kce output. 
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Voltage 1 af, 35 volts 
Fig. 21 — Failure detector circuit for a-c motors. 
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factor is therefore 53.8. The redundant circuit requires ap- 
proximately 3.7 times the parts, 3 times the power, and 4.3 
times the weight of the non-redundant circuit. 

e D-C Amplifier. A non-redundant d-c amplifier is shown 
in Fig. 18. It is essentially a three-stage differential amplifier 
with internal negative feedback to aid stability. In this 
example, the method of redundancy used will be the carrier 
detection technique. Since the signal information frequencies 
are very low (under 10 cps), the detection frequency can 
be about 10 ke with no interaction problems. A 10-ke phase- 
shift oscillator (Fig. 19) will be used to supply the standard- 
amplitude a-c signal. If no failures occur in the d-c amplifier, 
the 10-ke signal will be amplified with a certain specific 
gain. The detection circuit shown in Fig. 20 is used to de- 
tect whether or not the output is at the proper level. As 
long as the gain remains high, nothing happens. If the gain 
of the amplifier decreases due to a failure, the latching 
relays in the detector circuit are energized to switch a new 
amplifier into use. So that failures in the d-c amplifier will 
always cause the gain to go down, the resistors marked with 
an asterisk in Fig. 18 must be replaced by shunt pairs. 

Using the same calculation methods as in the previous 
example, the non-redundant failure probability for one 
year for the d-c amplifier is 1.32 « 10-*. The failure proba- 
bility of the redundant circuit is 2.5 « 10-4. This gives a 
reliability improvement factor of 53. The redundant circuit 
has about 3.5 times the parts, 3.5 times the power, and 4.5 
times the weight of the non-redundant circuit. Note the use 
of the choke coils in the detector circuit to block the a-c 
from the load. 

e A-C Motors. Two different types of motors will be dis- 
cussed. The first is a conventional a-c servomotor which per- 
forms work by rotating a shaft. The second is the a-c motor 
contained in a gyro. The same methods may be used for 
the detection of a failure in either type of motor. In the 
case of servomotors, two motors are differentially coupled 
to the output. Power is supplied to only one motor, how- 
ever; if it should fail, the failure is detected and the power 
is switched to the second motor. The differential on the 
output shafts provides for the choice of the proper motor 
in a passive manner. 

In the case of the gyro motor, two gyros must be used 
with one in operation and the other heated but not ener- 
gized. If the first gyro motor fails, it is turned off completely 
and the second, redundant gyro is started and the inputs 
and outputs are all switched. All of the switching functions 
are handled by redundant relay contacts as previously de- 
scribed. 

The circuit that determines when an a-c motor fails is 
shown in Fig. 21. The circuit makes use of the difference 
in the phase angle between the voltage and the current when 
the motor is running and not running. The circuit is quite 
sensitive and can be used with slight changes for many 
different types of motors. A small current transformer in 
series with one of the phases of the motor must be used to 
provide the current input. 

If a single gyro is assumed to have a failure rate of 5 
per cent per 1000 hr, the failure probability of that gyro 
for one year is only 0.438. Since the redundant gyro is off 
while the normal gyro is operating, the system failure proba- 
bility is determined by the equation 


Qs = Qa — (ra/Aa)(1 — Qa)Oa 


where A, = 5.X< 10°, A, = 18 Xk 10° and G) = 0.016. 
Thus, Q, = 0.276 and the reliability improvement factor is 
only 1.6. For shorter periods, the improvement by the use 
of redundancy would be more important. 


Conclusions 


It should be pointed out that, if the failure probability 
of a circuit is Q, when it is non-redundant, the maximum 
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Fig. 22 — Success probability vs time for redundant and non- 
redundant flip-flops and a-c amplifiers. 


improvement that can be obtained by making the circuit 
redundant will result in a failure probability of Q, = Q,? 
(assuming first-order redundancy only). It was shown that, 
for most cases, Q, = d,t. Therefore, the reliability improve- 
ment factor (RIF), which is Q,/Q,, will be inversely pro- 
portional to time since 


RIF = dglt/da7l? = 1/Aalt 


This means that the RIF will become progressively better 
when a shorter time is considered. Figure 22 shows the 
success probability of redundant and non-redundant flip- 
flops and a-c amplifiers as a function of time. It illustrates 
the actual manner in which redundancy improves the suc- 
cess probability as a function of time. Oooo 


Note: Appreciation is extended to W. F. Shoop, L. B. Martin 
and H. J. Melcher for their aid in preparing this article. 
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for Reliable Electronic Equipment 


Specification MIL-T-274A is interpreted and 
the need for additional information detailed 
with respect to environmental conditions, 
electrical requirements and mechanical con- 
siderations to aid the systems or subsystems 
designer in getting his requirements met by 


the transformer manufacturer. 


DANIEL EPSTEIN 
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Hicksville, New York 


In SepTeMBeER 1949, through the efforts of standardization, 
a joint Army-Navy specification was issued, known as Speci- 
fication MIL-T-27. It was intended to cover the general re- 
quirements of transformers in electronic and communication 
equipment and superseded two separate specifications defin- 
ing transformer requirements issued by the Army and by the 
Navy in 1945. 

As further demands of transformer requirements pro- 
gressed, revisions were made and in March 1955 it was re- 
issued as Specification MIL-T-27A. (1) * Several amendments 
have been issued since then. The current issue is mandatory 
for use on all contracts issued under the Department of 
Defense. 

Throughout the years this specification has been the 
subject of some controversy by both equipment designers 
and transformer manufacturers. It is the author’s opinion 
that in its present form it is an excellent specification. Any 
difficulties that have arisen have undoubtedly been due to 
misinterpretation or misunderstanding of it. Therefore, the 
purpose of this article is to interpret the requirements out- 
lined in Military Specification MIL-T-27A and to discuss 
information auxiliary to it in order to apply the specifica- 
tion intelligently. 

It is a practice in systems engineering to be ultra-con- 
servative—that is, to add safety factors upon safety factors. 
This method leads to “overspecification” and the inclusion of 


* Italic numerals in parentheses refer to Cited References at end of this article. 
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information in the component specification that is not re- 
quired or not applicable to the system or equipment. Over- 
specification of transformers is dangerous since it is due to 
ignorance of the exact performance conditions. Strictly 
speaking, overspecification does not produce more reliable 
transformer performance, although the specification writer 
may think so. The information contained in this article is 
directed to the individual responsible for the actual speci- 
fication of the transformer. Its purpose is to define the 
necessary information to be included in a transformer 
specification in order that a transformer can be designed 
and manufactured that will be not only suitable, but also 
reliable, for the intended use. Specific design details will 
not be considered; instead, transformer performance speci- 
fications will be stressed. 

The discussion is confined to the general class of her- 
metically sealed or encapsulated power transformers normally 
utilized in military electronic equipment, classified as 
Grade 1, 2, 4, and 5 transformers in Specification MIL-T-27A. 

Under actual operation, there are three areas which are 
of prime importance in determining the transformer design: 


e |. Environmental conditions under which the equipment 
is to perform. 

e Il. Electrical requirements of the transformer deter- 
mined by the circuit. 

e Wl. Mechanical considerations determined by available 
space and design. 


1. Environmental Conditions 


The environmental conditions under which a transformer 
is to operate are generally defined in the primary equipment 
and subsidiary specification, but only those conditions which 
affect the transformer performance should be specified. The 
following environmental conditions that may be encountered 
will be discussed in some detail: 


1. minimum and maximum 
operating temperature 
2. minimum and maximum 
storage temperature 

3. vibration 
4. shock, bounce and drop 


. humidity 

rain 

. altitude 

. sand and dust 

. corrosion and salt spray 
. fungus 


SoM OND 


— 


1. Minimum and Maximum Operating Temperature. 
These requirements must always be specified because the 
selection of materials is affected. The minimum operating 
temperature will affect materials such as transformer oil 
and encapsulation compounds, but generally presents no 
problem to the transformer designer. However, the maxi- 
num operating temperature will affect choice of materials 
such as magnet wire and insulation. The maximum operating 
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temperature is the sum of the maximum ambient temperature 
specified for equipment operation, plus the internal rise 
of the equipment until thermal stability is reached. 

The internal temperature rise of a transformer is a 
function of the core and copper losses, and the method of 
dissipating the heat due to these losses. The most practical 
and accurate method of measuring internal temperature rise 
is the change-in-resistance method contained in Par 4.7.10 
of Specification MIL-T-27A.* These measurements will de- 
termine the classes of materials which can safely be used 
in the construction of a transformer. (See Table I.) 

In specifying a transformer for newly designed equipment, 
when the size and class is undefined, it is best to give the 
transformer manufacturer the maximum design latitude by 
not specifying the class of insulation. The following note 
should then appear: 


“The class of insulation shall be determined by the vendor 
and shall be based upon a maximum ambient temperature 
of + ___C, plus the internal rise of the windings determined 
by the method described in paragraph 3.13 of Specification 
MIL.-T-27A.” 


The purpose of this note is to allow the manufacturer to 
use standard can sizes and standard laminations, resulting 
generally in lower cost and faster delivery. When size is 
important, it is often necessary to utilize special cores, core 
materials, and improved types of insulation, with resultant 
higher costs and delayed deliveries. 

2. Minimum and Maximum Storage Temperature. Gen- 
erally, these temperatures are within 20 deg of the operating 
temperatures. However, if storage temperatures are severe, 
these conditions should be specified. If equipment is to be 
left exposed for long periods of time in desert or tropical 
areas, for example, the sun will produce unusual storage- 
temperature conditions, 

3. Vibration. Mechanical resonance, which is the build- 
up of a very large amplitude of motion, may occur when 
equipment is subject to vibration. Therefore, the chassis 
or structure of the equipment should be constructed so that 
its natural frequency of vibration is not within the frequency 
range of the external vibrating forces. In order to determine 
that the mechanical design is satisfactory, Specification 
MIL-T-27A requires that each transformer be tested for 
vibration fatigue (p 27). For most ground-equipment re- 
quirements, this test is satisfactory. However, for aircraft, 
shipboard, and missile applications the actual vibration con- 
ditions must be specified so that the transformer can be 
designed and tested to meet these conditions. If any form 
of resonance or undesirable or uncontrollable conditions 
exist within the equipment, then these conditions should 
also be stated. 

4. Shock, Bounce and Drop. Shock is a very heavy blow 
which can induce vibration at a natural frequency equivalent 
to a resonance condition. There are three shock-test methods 
defined in Par 4.7.13 of Specification MIL-T-27A and one 
should be specified. If the equipment requirements are 
severer than these test methods (most shipboard and missile 
conditions are), then the applicable test conditions should 
be stated. 

All equipment is subject to bounce during transportation. 
Occasionally, equipment specifications may refer to a bounce 
test to insure satisfactory performance after being trans- 
ported. A typical bounce test intended to simulate condi- 


* Although it is required to measure the change in resistance of each transformer 
winding, it will be found that this is not practical in a multi-winding unit becaue 
of the requirement of completing all resistance measurements within “20 sec 
after shut-off power” (p 34). Realistic results can be obtained if the highest 
resistance winding and the winding closest to the core are selected for the change- 
in-resistance measurements. 
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tions that the equipment may be exposed to during shipment 
is defined in Specification MIL-T-10623B, p 6: 


“The equipment in its transit case is placed on a table of 
a package tester. The equipment is constrained by wooden 
fences so that the horizontal motion is not exceeded by more 
than 2 in. The package tester is adjusted to produce 285 
bounces per minute for a total of 3 hr. During each % hr 
period, the transit case is revolved to a different face.” 


Occasionally, equipment specifications may refer to drop- 
test requirements. A typical drop test consists of the 
following: 


“The equipment in its transit case shall be dropped a dis- 
tance of 2 ft on each corner, edge, and face for a total of 
26 drops. All drops shall be made from a quick-release hook 
or similar device. The floor or barrier receiving the impact 
shall be 2 in. fir wood, backed by concrete or a rigid steel 
frame.” 


During the bounce, shock, and drop tests, studs may break 
off, or the internal structure of a transformer may be altered, 
thus rendering the transformer inoperative. Good internal 
mechanical design and construction can alleviate the prob- 
lems arising from these conditions. Difficulties generally arise 
where the weights of the transformers are high. Any needed 
requirements to meet these destructive conditions should be 
clearly defined in the specification. 

5. Humidity. For transformers manufactured to meet 
Grade 1, 2, 4, or 5 requirements, humidity will not be a 
detrimental factor if suitable precautions are taken. Ferrous 
cans are generally supplied with a finish capable of with- 
standing most humidity conditions. A coat of an approved 
type of paint over the finish, except for the mounting surface, 
will further protect the unit against corrosion. [The mount- 
ing surfaces should be finished by a compatible process 
found in Specification MIL-F-14072.] 

If prolonged exposure of greater than 90 per cent RH is 
anticipated in service, this condition should be included in 
the specification, with estimated length of exposure. 

6. Rain. Rain is a more severe condition than humidity. 
However, it is necessary only to take precautions similar 
to those stated for humidity. The exact test conditions must 
be specified. 

7. Altitude. For equipment required to operate up to 
10,000 ft above sea level, conventional transformer prac- 
tices and designs are satisfactory. Above that level, ad- 
ditional problems come to light. Dielectric failures and 
corona discharge become serious factors in high-voltage 
power transformers. Heat transfer is affected by lower air 
density. The key to the problem in sealed units is proper 
terminal selection and adequate terminal spacing. Under 
unusual conditions of altitude, leakage of oils or compounds 


Table I—Operating Temperature Classification of 
MIL-T-27A Transformers 


Ambient temp, 
10,000-hr 
life expectancy 


Max operating 
temp, deg C 





85 
105 
130 
170 
170, as specified 





from within the transformer may occur. Therefore, altitude 
conditions should be stated. 

8. Sand and Dust. Sand and dust will have little or no 
effect on sealed equipment. However, the circulation of 
sand and dust must be considered with fan-cooled equip- 
ment. Sand in the circulating air may remove painted or 
plated surfaces and may also be corrosive. 

9. Corrosion and Salt Spray. Corrosive influences are 
greatly aggravated by prevailing higher relative humidities 
and exposure to salt spray when equipment is subject to 
tropical climate and marine use. Avoidance of electrical 
contact between dissimilar metals is especially important, 
since metals widely spaced in the galvanic series will start 
any corrosive conditions. Hence, when service in the tropics 
or coastal areas is required, it becomes necessary to specify 
a suitable salt-spray test to evaluate equipment finishes. 
These tests may be found in Specification MIL-STD-202B, 
Method 101A. When specifying a test, the percentage of 
salt should be included. 

10. Fungus. The development of spore cultures may re- 
sult under warm moist conditions such as those encountered 
in the tropics. These growths may be inhibited by chemical 
treatments or selection of materials that are non-fungi 
nutrient. Other than the fact that the appearance is un- 
sightly, this condition will not affect the operation of a 
sealed transformer. 

When fungus-nutrient inks or markings are used, they 
should be protected by a fungicidal varnish overcoat. Ap- 
proved types of coating are those procured to conform to 
Specification MIL-V-173B. (2) These varnish coatings have 
a fluorescent ingredient so that the treated surfaces may be 
checked for coverage by exposure to ultraviolet light. 

Each of the environmental requirements must be given 
careful consideration and evaluated as to its importance 
with regard to the transformer design and performance. In 
the cases where the requirements of Specification MIL-T- 
27A are not satisfactory for the equipment performance, 
or if it does not adequately cover the necessary environmental 
conditions, specific instructions as to the test and operating 
conditions must be stated in the transformer specification. 


il. Electrical Requirements 


Electrical requirements fall into three sub-categories (A, 
B, C), not all of which are applicable to any one transformer. 

A. Requirements that must be specified for every power 
transformer: 


1. input voltage 

2. operating frequency 

3. number of secondary 
windings 
a. rms output voltage 
b. tolerances of voltages 


. input and output currents 
5. working voltages 
. electric-breakdown tests 


B. Requirements that should be specified as applicable 
to the particular transformer: 

7. efficiency 12. polarities 
8. corona discharge 13. life 
9. d-c resistance of windings 14. current waveshapes 
10. duty-cycle 15. voltage regulation 
11. electrostatic shielding 


C. Information that is helpful but not absolutely essential: 
16. operating circuit (or test circuit) 


1. Input Voltage. If an input voltage variation of 105 
to 125 volts produces no change in equipment performance, 
there is no problem to the transformer manufacturer. How- 
ever, if there is a possibility that operation of the equipment 
is required at inputs as low as 85 to 95 volts, then other 
provisions must be made. One possible solution is to provide 
taps on the primary side te allow for switching to the 
appropriate line condition. Taps on transformers should be 
used sparingly since they can add to the cost of the unit 
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Table ll—Frequency Limitations for Various 
Electronic Transformer Applications 


Operating 
frequency, Tolerance, 


cps cps Type of equipment 


D-C = 

60 +1 

60 +3 

50 +3 

50 to 60 47 to 63 
400 +100 
400-1200 —200* 


Ground portable equipment 

Ground fixed equipment 

Ground transportable equipment 
| Ground transportable equipment 
| Ground transportable equipment 
| Aircraft equipment 

Aircraft equipment 


* Under emergency conditions. 
Source: Reference Data for Radio Engineers, International Telephone & Telegraph 
Co., New York, p 929, 4th edition (1956). 


without adding to its performance. Another method of com- 
pensation uses a “buck-boost” winding on an input trans- 
former or autotransformer. This circuit places a voltage in 
series with the primary winding, either series aiding (boost) 
or opposing (buck). The voltage of the buck-boost winding 
is adjusted to maintain the desired line voltage. 

2. Operating Frequency. Broad-area equipment require- 
ments of input frequency have been classified as in Table 
II. This table represents the power-line frequencies in use 
in the continental United States. The operating location of 
the equipment will be a determining factor in the design. 
Frequencies as low as 25 cps may be found outside the 
United States. 

All evaluations of the transformer should take place at 
the lowest operating frequency, where the greatest internal 
heating will occur. For example, if a transformer is required 
to operate on a 50/60 cycle line, all measurements should be 
made under the 50-cycle line condition. 

3. Number of Secondary Windings. For each secondary 
winding. the rms voltage should be stated, with a specified 
voltage tolerance with respect to a fixed input voltage. The 
conventional practice of specifying voltage tolerances on mili- 
tary-type transformers, for example, is +2 per cent for fila- 
ment windings and +4 per cent on plate windings. A toler- 
ance of +1 per cent on both filament and plate windings is 
possible without creating additional design problems. How- 
ever, from the standpoint of obtaining satisfactory trans- 
formers in time to meet production schedules and at reason- 
able costs, it is best to keep the tolerances as wide as 
possible. 

For most military applications the number of secondary 
windings is undefined. Only good design procedures should 
be followed in making this determination. 

4. Input and Output Currents. It is necessary to specify 
only the input current when a required degree of efficiency 
is desired, or when the maximum power available to the 
transformer is limited. 

Along with rms voltages for each secondary winding, the 
load current required must be specified. A safety factor of 
10 per cent above the minimum required current may be 
included. 

5. Working Voltages. The maximum working voltage is 
the peak instantaneous voltage stress that may appear 
between a winding, or any part thereof, and any other 
winding, core or case. The purpose of specifying this 
voltage is to define the electric-strength test voltages to be 
used during any test or evaluation of a transformer. When 
all the rms and superimposed voltages are given, it is not 
necessary to state the working voltages, since they can be 
easily calculated. However, giving the working voltages will 
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enable the quality inspector to determine the correct electric- 
strength test voltages immediately. 

6. Electric-Breakdown Tests. The purpose of the electric- 
breakdown test is to determine whether or not the trans- 
former will have any early failures due to imperfections in 
the insulation, such as scratched insulation on the wire, and 
sloppy wiring techniques. The test potentials accelerate 
breakdown by placing undue stress on all of the insulation. 

The specific test voltages, Table III, need not be specified 
by the user unless the application of the transformer is 
unusual (Table XVI of Specification MIL-T-27A). The 
safety factors it requires of the transformer are quite suit- 
able to detect incipient failures. 

Occasionally, in the design of high-voltage power trans- 
formers, the designer may employ a special technique con- 
sisting of using reduced-thickness insulation toward the 
low-voltage end of the windings. Depending upon the voltage 
required, as much as 10 to 20 per cent of the size can be 
saved if the technique is properly employed. When testing 
this type of transformer, the conventional electric-strength 
test cannot be used since the low-voltage end of the winding 
may fail. In lieu of this test, the induced-voltage test specified 
in Par 4.7.6 of Specification MIL-T-27A should be used. 
This requirement must be clearly shown in the specification. 

A common misconception concerns the necessity of test- 
ing transformers in both the conventional electric-breakdown 
and induced-voltage method. This is clearly not required 
according to Par 4.7.5.1.1. of Specification MIL-T-27A. 

Electric-strength tests are often improperly employed 
during evaluation of samples and inspection of production 
of units. The constant repetition of these tests serves no 
other purpose than to reduce the effectiveness of the insu- 
lation by placing undue stress upon it. The application of 
full test voltages should be held to a minimum. If repeated 
testing is required, the test voltages should be reduced to 90 
per cent of the maximum. 

7. Efficiency. The efficiency of a transformer is the ratio 
of the output power to the input power. It is a measure of 
the value of the design. Efficiency need only be specified 
when a specific requirement exists such as limiting the 
amount of available input power. 

8. Corona Discharge. Corona discharge is the breakdown 
of voltage between any two points where a very large 
voltage gradient exists. For the majority of power trans- 
formers, the problem of corona discharge does not exist. 
It becomes a factor for high-voltage transformers and under 
certain altitude and humidity conditions. Here, the trans- 
former must be designed with suitable insulating materials. 
Sharp, jagged connections or dirt across terminals must 
always be avoided. The selection of suitable terminal types 
can reduce the possibility of corona discharge. 

9. D-C Resistance of Windings. The d-c resistance should 
always be specified at a maximum. Magnet-wire size has a 
bearing on the temperature rise and capacity of the trans- 
former and should therefore be left to the selection of the 
transformer designer. 

10. Duty Cycle. When the transformer load is applied 
intermittently, the per cent time-on and time-off and the fre- 
quency of switching are of prime importance and should 
be indicated. Tremendous savings in transformer cost and 
size can be realized by the transformer designer under low- 
duty-cycle conditions. 

11. Electrostatic Shielding. The purpose of electrostatic 
shielding is to reduce the capacity between adjacent wind- 
ings, so that r-f or spurious signals which may exist in one 
winding will not be coupled to the other windings. Instead, 
these signals are coupled to a grounded shield. When elec- 
trostatic shielding is required, the minimum ratio of attenua- 
tion should be specified. The simple statement that “an 
electrostatic shield is required” is, by itself, meaningless. 

The shield effectiveness can be evaluated by following 
Par 4.7.9.11 of Specification MIL-T-27A. 
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Table tl—Electric-Strength (Sea Level) Test 
Potentials (Table XVI of Specification MIL-T-27A) 


| 


Maximum 
working voltage* 


RMS test voltage 
(at 28 to 32 in. of mercury) 


50 

50 to 175 | 500 

175 to 700 incl. 2.8 X working voltage 

700 1.4 X working voltage, + 1000 


* See Section 5 for definition. 


12. Polarities. The polarity of the windings is generally 
of not too much significance in these types of power trans- 
formers, except when it is required that voltages be con- 
nected to aid in a particular manner. 

13. Life. Paragraph 1.2.1.4 of Specification MIL-T-27A 
defines life expectancy in three categories: 


Symbol Life, hr 
x 10,000 minimum 
Y 2,500 minimum 
Z 500 as specified 


If none of these categories is satisfactory, the actual re- 
quirements should be defined (see also Table I). 

14. Current Waveshapes. Consideration should be given 
to the source-current waveshape. If equipment is to be con- 
nected to portable or field power plants, the waveshape may 
be non-sinusoidal or distorted and thus have an unusual 
number of harmonics present. Such a waveshape condition 
should be specified. Otherwise, all design parameters of the 
transformer will be taken to be for sinusoidal input currents 
(utility power lines). 

15. Voltage Regulation. The loading of the circuit, fixed 
or varying, will determine if it is necessary to specify the 
transformer voltage regulation. When the transformer is to 
be used in a circuit with varying load, such as a transmitter 
or transceiver, the regulation becomes extremely important. 
Furthermore, when rectifiers are used that are operated 
toward the maximum end of their ratings, transformer regu- 
lation may be important. 

16. Operating Circuit (or Test Circuit). It is useful to 
the transformer manufacturer to know how the particular 
transformer is going to be used. It is desirable, therefore, 
to include an operating circuit or test circuit showing (a) 
type of filtering to be used, (b) rectification circuit and 
loads, and (c) types of rectifiers. If the transformer has 
special requirements, the transformer designer may “bread- 
board” the circuit to check its actual operation. 


lll. Mechanical Considerations 


Under mechanical or physical requirements come the 
following factors: 


1. size of transformer . mounting studs 

2. dimensions and mechanical . finish 
tolerances . markings 

3. type of terminals . workmanship 


1. Size of Transformer. Transformer size is best de- 
termined by the transformer designer; the determining 
factors are the electrical characteristics and environmental 
requirements. Serious consideration should be given to the 
utilization of standard can sizes as defined in Par 1.2.1.6 
of Specification MIL-T-27A. Where reduced size is of major 
importance, the special cores and insulation referenced 
earlier have to be used. If a limited amount of space is 
available to the transformer, the specification should clearly 
state the limits. 


79 





2. Dimensions and Mechanical Tolerances. During the 
preliminary or “shopping” phase, it is most desirable to 
keep all can dimensions to a maximum. Where there is dis- 
agreement between transformer manufacturers with regard 
to size, further discussions with each manufacturer will be 
necessary to determine that the approach taken is correct. 
After the can size is determined, the tolerances as defined 
in Specification MIL-T-27A should be utilized. 


3. Type of Terminals. There are two types of terminals 
which are most desirable—the turret and bifurcated types. 
They are most advantageous where assembly by semi-skilled 
persons is required or where field maintenance is of utmost 
importance. In the bifurcated type, the wires are placed in 
the groove, then easily soldered. The turret terminal re- 
quires a U-type wire wrap before soldering. Though popular, 
the lug-type terminal has a tendency to weaken or break 
during shipment, it can be twisted or broken during as- 
sembly, and the wires are not readily removable during 
field maintenance. 


4. Mounting Studs. For the standard can sizes, suitable 
mounting studs are specified in MIL-T-27A. Whenever non- 
standard size cans or heavy transformers are necessary, the 
selection of studs should be made carefully. Too often, 
studs of insufficient diameter are selected, with resulting 
breakage during vibration or shock tests. 


5. Finish. Most transformer cans are supplied to the 
transformer manufacturer with an acceptable electro-tinned 
finish, over which a primer and a durable paint coat is later 
applied. The selection of finishes should be made from 
Specification MIL-F-14072; it details acceptable and mating 
finishes and takes into account the corrosive influence of 
metals widely spaced in the galvanic series.(3) During 
transformer assembly or installation, the electro-tinned 
finish should not be scratched, because if it is, corrosion 
of the base metal will begin and it will spread rapidly. 


6. Markings. Space permitting, the following markings 
should appear on every transformer: 


. schematic of transformer windings 

. terminal identification 

. ratings of windings 

. maximum working voltage 

. Maximum altitude 

. TF identification as required in Par 1.2.1 of Specification 

MIL-T-27A 

g. prime contractor’s name and part number 
h. vendor’s identification 


It is most important that the prime contractor’s part num- 
ber should appear because of its use in referring to the 
detailed specification. 

All markings should be permanent and legible and should 
be placed on a side which is not obscured when mounted 
in the equipment. Specification MIL-M-13231A (Sig. C) (4) 
is an excellent reference for permanent marking methods. 
When fungus-nutrient inks are used, they should be pro- 
tected by suitable means. 


Table IV—Typical Inadequate Notes on 
Transformer Specification Drawing 


Markings to be in accordance with MIL-T-27A Spec. and 
include Part No. and schematic location as indicated on 
drawing. 

Part No. 00000. 

All voltage outputs at rated current when measured at a 
temperature of 40 C and 400 cps. Input frequency shall be 
+3 per cent of that given in test circuit. Insulation resist and 
corona discharge tests per MIL-T-27 Spec. 

Transformer must meet MIL-T-27 Spec. Grade 1, Class B, 
family 0.03; temp 80 C ambient, 45 C rise. 


Sse 


7. Workmanship. Appearance of solder seams, plating, 
painting, marking, and the external assembly are all indica- 
tive of the attitude and care taken on the part of the manu- 
facturer. Most important and more difficult to check is the 
internal workmanship. Such factors as neatness in assembly, 
solder connections, dress of leads, placement of components, 
avoidance of excess solder blobs and metal chips should be 
watched carefully. Nicked insulation on a wire, a piece of 
wire or solder floating in the oil, can cause early failure 
of the transformer. A perfectly designed unit may be ruined 
by poor workmanship. 


Examples of Specifications 


To illustrate the type of information that should be 
included in a typical transformer specification, two examples 
are given. They were taker from notes on specification draw- 
ings for the same transformer to be used on an airborne 
coder-transponder. Table IV lists the very incomplete notes 
found on the drawing of Company A. The requirements of 
the electrical ratings are not stated. However, they are 
implied by reference to the schematic and test circuit shown 
on the drawing (not reproduced here). An analysis of the 
equipment specifications indicates that much more informa- 
tion is required. Table V reproduces the notes on a drawing 
prepared under the author’s supervision at Radio Receptor 
Company, Inc. for the same transformer. (The graphical 
information which should appear on the same drawing is 
shown separately for convenience in reproduction of both 
elements on a magazine page). 

Attention is called to these requirements which do not 
appear in Table IV nor in Specification MIL-T-27A (para- 
graph numbers refer to Table V): 


z49 
2.1.4 
2.2.2.3 Special altitude requirements. 

2.5 Shock requirements in excess of Specification 


MIL-T-27A. 
2.6 Vibration requirements in excess of Specification 
MIL.-T-27A. 


3.3 Maximum weight of component, 


Maximum ambient temperature of +96 C. 
Storage temperature. 


3.4 Specific reference to finish. 


4.1.1 Emergency operating conditions in aircraft. 


As a matter of good specification form, the following items 
are specifically referred to in the Radio Receptor specifica- 
tion and are not left to inference as in the Company A 
specification: 


(Paragraph) 


2.0 Exact environmental conditions. 

3.0 Exact mechanical requirements. 

4.0 Exact electrical requirements. 

A manufacturer making this transformer from the Com- 
pany A specification has no way of knowing that it is to 
meet special airborne-equipment requirements. He can only 
conclude that the transformer desired is a conventional type 
required to meet Specification MIL-T-27A conditions for 
ground equipment, since the special requirements of shock, 
vibration, or altitude are not referred to. From the Radio 
Receptor specification the manufacturer can readily learn 
all the special requirements imposed upon the transformer. 

Overspecification or underspecification can lead to a re- 
liable product only by accident. Only careful analysis of 
the job requirements and a thorough understanding of 
operating conditions can produce an intelligent specification, 
which is the key to a reliable transformer. However, there 
are two additional factors which are links in the chain of 
reliability. They consist of (1) careful evaluation of samples 
on the part of the buyer, and (2) an adequate production 
quality-control program on the part of the vendor. Without 
these links the chain of reliability cannot be complete. 

ooo 
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Table V—Expanded Notes on Radio Receptor Co. Specification Drawing for MIL-T-27A Transformer 


General: 


Deviations: Requests for deviations from this specifica- 
tion shall be in writing, including reason(s) for the request. 
Waiver of any part of this specification by Radio Re- 
ceptor Co. will be valid only in writing. 

Applicable specifications:Transformer shall meet the 
requirements of Military Specification MIL-T-27A, 
Grade 4, and shall operate under the conditions stated 
herein. The class of insulation shall be determined by the 
vendor and shall be based upon a maximum ambient 
temperature of 96 C and the internal rise of the windings, 
determined by the method described in Par. 4.7.10 of 
Specification MIL-T-27A. 

Description: Transformer, power, step-up, step-down, 
single-phase, center-tapped, providing circuit and _ fila- 
ment voltages. 

Marking: The following information shall be perma- 
nently and legibly marked on the surface indicated in 
Fig. 1. Markings shall be coated with clear varnish con- 
forming to Specification MIL-V-173A. 

Radio Receptor Co. name and drawing number. 
Transformer ratings. 

Vendor’s identification. 

Internal wiring circuit (see Fig. 2). 

MIL type designation, including identification number. 
Vendor must submit samples for approval and shall re- 
ceive written notification of sample approval before 
proceeding with production. 





Environmental: When subjected to any or all of the 
following conditions, this transformer shall operate as 
specified herein. No deterioration in performance shall 
result from prolonged storage under non-operating 
conditions. 


Temperature at sea level: 

Maximum temperature: operating, +96 C. 

Minimum temperature: operating, —54 C. 

Maximum temperature: non-operating, +85 C. 
Minimum temperature: non-operating, —62 C. 
Temperature at 60,000 ft: 

Maximum temperature: +35 C. 

Minimum temperature: —54 C. 

Altitude: 60,000 ft above sea level. 

Humidity: Up to 100 per cent RH, including condensa- 
tion due to temperature changes. 

Shock: Transformer shall withstand the test of specifica- 
tion MIL-E-5400C, Par. 3.2.21.6. 

Vibration: Transformer shall withstand the test of 
Specification MIL-E-5400C, Par. 3.2.21.5. 

Life: 2500 hr minimum. 
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Mechanical requirements: 


Physical dimensions shall be as indicated in Fig. 1. 
Terminals shall be bifurcated type. 

Transformer weight shali not exceed 20 oz. 

Finish: All exposed metallic surfaces shall be finished in 
accordance with Specification MIL-F-14072 for a type II 
enclosure. Except for the mounting surfaces, the case 
shall be finished in a light grey enamel, formula 111, con- 
forming to Specification MIL-E-15090B. 


Cited References 


1. Transformers and Inductors (Audio, Power, and Pulse) (MIL- 
T-27A), Department of Defense, Washington 25, D. C., 1955. 
(A military specification published under auspices of a govern- 
ment agency). 

2. Varnish, Moisture- and Fungus-Resistant (MIL-V-173B), De- 
partment of Defense, Washington 25, D. C., 1960. 

3. Finishes for Ground Signal Equipment [(MIL-F-14072(Sig 
C)1, Department of Defense, Washington 25, D. C., 1955. 

. Marking of Electronic Items [MIL-M-13231A (Sig C)], De- 
partment of Defense, Washington 25, D. C., 1958. 
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4.0 Electrical requirements: 





4.1 Table of electrical requirements: 


Frequency, Voltage, | Tolerance, 
Winding | cps rms = % 
= -—~| --—— 1 — _ — 


Current 
rating, amp 


115 | exact 
240 4 0.045 
240 4 0.045 
6.3 2 4.00 


4.1.1 The requirements of Par. 4.1 shall also be met under the 
following conditions: 
A. Frequency: 320-1760 cps. 
B. Input voltage: 102-124 volts a-c 


Mark terminals as shown Marking surface \ 


8-32NC-2 thread 


7 terminals 


13" 
— long 


- 
som":'3 


Graphical information on transformer specification drawing 
includes can size and terminal] location (Fig. 1, above), in- 
ternal wiring circuit and test circuit (Fig. 2, below). 


Internal wiring Circuit 


3 


4 240-0-240 voits 
{ 45 ma 
> 


115 volts a-c 
320-1760 cps 


- 


+220 volts d-c 


Test circuit 45 mo 


115 volts 4 henries 


6.3 volts a-c 


ie? amp 


-27 volts -20volts -6.5 volts 


Other References 


Test Methods for Electronic and Electrical Component Parts 
(MIL-STD-202B), Department of Defense, Washington 25, 
D. C., 1960. 


Electronic Components Handbook, Electronic Components Labora- 
tory, Wright Air Development Center, McGraw-Hill Book Co., 
Inc., New York, 1957 [a three-volume publication prepared 
under Air Force Contract No. AF 33(616) -2815]. 
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Many semiconductor devices have emerged 


from the laboratories in the past few years. 
They have provided circuit designers with 
a number of unusual characteristics — 
negative resistance, to name only one — 
and simple, compact structures. Generally, 
these devices are capable of versatile opera- 
tion at extremely high frequencies and at 
low noise levels, but they are still limited 
with regard to power output. Their capabil- 
ities are being vigorously exploited and re- 
search to overcome their shortcomings con- 


tinues. 


MILTON TENZER, Assistant Director 

Electronic Components Department 

U. S. Army Sicnat ResearcH aNnp DeveLtopmMeNT LABORATORY 
Fort Monmouth, N. J. 


Transistors 


TRANSISTORS and related semiconductor devices as we 
know them today have been developed through a series 
of metamorphoses of materials and technologies. Each 
step along the way produced a new family of devices, 
some of which are still optimum today for certain appli- 
cations where high power, frequency, gain, efficiency, 
etc., are important. The first major milestone in these 
developments was the grown junction transistor (in con- 
trast to the earlier point-contact transistor). These 
junction devices are made by many crystal-growing tech- 
niques, such as rate growing, meltback, and grown dif- 
fusion. In essence, a seed of proper orientation is dipped 
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into molten germanium or silicon to which either an n 
or a p dopant has been added. After a sufficient amount 
of material containing one type of dopant is grown, the 
opposite type is added to the melt and a thin layer of 
that type is grown. The melt is then reverted to the 
original dopant. This is repeated several times and the 
final grown crystal is sliced and diced to yield many 
small transistor bars. Unfortunately, transistors of this 
type have high base and series collector resistance, and 
they are not too widely used except for those made of 
germanium. However, by the addition of a second base 
contact, the grown junction tetrode made of silicon is 
usable at frequencies up to 100 mc. 

Figure 1 shows how various types of germanium tran- 
sistors perform as amplifiers at various frequencies. 
The power gain is for a small signal with the transistor 
connected in a grounded-emitter configuration. The im- 
proved performance of the types to the right indicates 
the advances made in semiconductor technology over the 
years. The alloy-junction devices were the first which 
were capable of dissipating high power and also of pro- 
viding a very good medium-speed switching function 
because of their low saturation resistance. They differ 
from grown junctions in that the crystal is grown with 
only one type of uniform doping. The grown crystal is 
then sliced and diced, and pellets with suitable impuri- 
ties are fused individually to the semiconductor material 
to form the emitter and collector of the transistor. Figure 
2(a) illustrates the construction. In this case, the n-type 
material is the base and the collector and emitter are 
p-type. The upper frequency limit of the alloy-junction 
transistor is determined by base thickness, which must 
be large enough to withstand reasonable voltage on the 
collector. In the p-n-i-p transistor, shown in Fig. 2(b), 
the incorporation of an intrinsic layer of semiconductor 
material between the base and the collector serves to 
reduce the output capacitance and increase the output 
voltage (and power). 

The drift transistor is another variation of the alloying 
technique, although in this case there is an impurity 
gradient in the base region to improve the performance. 
This is usually accomplished by the diffusion of addi- 
tional impurity at the outer surface of the semiconductor 
die from which the base is made. The resultant reduc- 
tion in base resistance and collector capacitance due to 
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Fig. 1— Power gain vs frequency for various types of ger- 
manium transistors. 
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Fig. 2— Methods of construction of various high-frequency 
transistors: (a) alloy junction; (b} p-n-i-p; (c) surface bar- 
rier (SBT); (d) silicon grown-junction tetrode. 


the impurity gradient increases the alpha cut-off frequency 
to 30 to 100 mc. 

The surface barrier transistor (SBT) also provides 
devices in this approximate frequency range and is made 
by electrochemical etching techniques which are not too 
different from alloying. In the etching process, the die 
of semiconductor material, or base, serves as the anode, 
while the nozzle of a very fine (0.004-in.) chemical 
stream is the cathode. The etching is used to obtain the 
desired base thickness. When this has been achieved, the 
etching process is reversed so that the emitter and col- 
lector are plated into the etched cavities [Fig. 2(c) |. 

The next development was the micro-alloy transistor 
(MADT), which is similar to the drift transistor in that 
impurities are diffused into the base material. The emitter 
junction is formed by an alloying step. Such devices 
have alpha cutoffs from 120-800 mc or higher. From the 
diffusion process which made possible large-area junc- 
tions, there evolved the mesa structure, which is shown 
in cross section in Fig. 3. The base and emitter layers 
are developed on the collector substrate by a series of 
selective diffusion, masking, evaporation, and etching 
processes. Ohmic contacts are achieved by means of 
gold-alloy stripes deposited on base and emitter regions. 
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Diffused 
emitter layer 


Fig 3 


Construction of a conventional mesa transistor. 
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Fig. 4— Power gain vs frequency for various types of silicon 
transistors, 
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Fig. 5 — Mesa transistor made with epitaxial techniques. 


Understanding and development of diffusion techniques 
in germanium devices eventually led to the application 
of the same techniques to silicon units, whose frequency 
characteristics are shown in Fig. 4. Although silicon 
transistors have lower frequency limits than do ger- 
manium, the former have the advantages of (a) being 
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Fig. 6— Broadband 


two transistors. 


transmission-line amplifier employing 


»— 
Fig. 7—Small-signal power gain vs frequency for currently 
available transistors, those under development, and those pro- 
posed for future development. 


able to operate in a higher ambient temperature (or 
dissipate more power): (b) having lower reverse or 
saturation current: and (c) operating at higher voltages 
and, hence, higher power. The silicon surface alloy tran- 
sistor (SAT) is similar to the germanium SBT; and the 
silicon surface alloy diffused transistor (SADT) is similar 
to the germanium MADT. The grown-junction tetrode 
provides the highest frequency capability in silicon units 
[Fig. 2(d)]. 

The most recent development in transistors is the use 
of epitaxial techniques. Epitaxy is the vapor deposition 
of an extremely thin film of a single crystal on a sub- 
strate of a similar crystalline structure, but not necessarily 
of the same composition. Figure 5 shows a microwave 
germanium transistor (M2107) being developed by 
Bell Telephone Laboratories. The diameter of the mesa 
is about 1.5 mils. The base and emitter stripes are about 
3 mils wide. Gold compression-bonded leads are attached 
to them. Only by the use of epitaxial techniques can the 
thickness of the base layer and the collector depletion 
layer be accurately controlled to thicknesses of 0.1 micron 
or less. The thick wafers used as substrates are of a 
low-resistivity material and can be used to assure rug- 
gedness, good ohmic contact, and a low saturation resis- 
tance. In general, the introduction of the epitaxial tech- 
nique offers an increase in switching speed of about one 
order of magnitude and higher breakdown voltages and 
power outputs than are possible with conventional tran- 
sistor construction. 

Planar transistors and diodes which have recently been 
introduced use very similar masking and etching tech- 
niques but eliminate the depletion-layer characteristic of 
the mesa. Instead, a heavy silicon oxide masking layer 
is retained to passivate the exposed surfaces of the sub- 
strate to increase the reliability. 

In microwave applications, “micro-mesa” and MADT 
transistors are designed into coaxial mountings (as shown 
in Fig. 6) to minimize emitter lead inductance (0.5 ph) 
and collector-to-base capacitance (0.02 mmf). The con- 
struction shown in Fig. 6 is a broadband transmission- 
line amplifier employing two transistors. The emitter is 
physically grounded to the header and the outer con- 
ductor. The base and collector leads form part of the 
center conductor, with both the input and output im- 
pedances matched to 50 ohms. Such microwave transistors 
develop several milliwatts of output power at 2000 mc, 
which is sufficient power for local-oscillator use. Power 
gains from 8 db to as high as 24 db have been reported 
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at 1000 me. A three-stage unit similar to that shown in 
Fig. 6 has been constructed, and it has a gain of 17 db 
from very low frequencies to 750 mc, with a high degree 
of stability. One milliwatt of power can be delivered to 
a 50-ohm load with a noise figure of 5.5 db measured 
at 200 mc. 

The power-vs-frequency characteristics of currently 
available transistors and those either being developed 
or proposed for development are shown in Fig. 7. The 
2N1197 is a silicon mesa and the 3N35 is a silicon 
grown-junction unit. The 2N502 is a germanium MADT 
and the 2N700 a germanium mesa. There is a need for 
high-gain (20 db) units for use at 200 and 400 mc. 
Among current developments, the germanium unit (which 
is shown to have a 6-db gain at 1000 mc) is intended 
to have an output of 1 watt with an efficiency of 30 per 
cent. It is presently thought that a composite common- 
emitter, common-base amplifier in a single package, which 
would theoretically have a power gain of 22 db at 40 
per cent efficiency, could be built. Electrical and thermal 
packaging problems must still be overcome in the design 
of such a device. Future efforts, which will undoubtedly 
involve epitaxial techniques, will be directed toward 
obtaining higher gains at 5000 and 6000 mc. 


Diodes 


The process of diffusion has also been important in 
the development of the mesa or junction diode. As a 
consequence, the fragility, burnout, and frequency-limi- 
tation disadvantages of the point-contact diode have been 
eliminated. The improved diodes have led to advances 
in the design of crystal mixers and detectors, especially 
with respect to noise figure and frequency limits. When 
operated in the forward-biased direction, mesa diodes 
behave as non-linear resistances and hence have low Q 
values with relatively high RC products. However, they 
perform as voltage-dependent or non-linear capacitors 
(“‘varactors”) when operated in the reverse-biased di- 
rection. Their specific non-linear capacitance character- 
istics can be specially tailored for low-noise parametric 
or reactance amplification. The basic principles of am- 
plification by non-linear reactance are not new. Non- 
linear inductances have been employed in magnetic 
amplifiers for years, and the non-linear properties of 
ferroelectric materials have also been used in laboratory 
dielectric amplifiers at low frequencies. However, the 
varactor diode provides a very-high-Q device capable of 
use at frequencies in the microwave region. 
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Figure 8 is a cut-away view of an X-band parametric 
amplifier. The diode serves as a common reactive coup- 
ling element between two waveguide cavities, one tuned 
to the signal frequency (X-band) and the second to a 
much higher or “pump” frequency (K-band). Energy at 
the pump frequency is converted to energy at the signal 
frequency with a gain and without the introduction of 
appreciable internal noise. Various modes of operation 
can be achieved in a parametric amplifier, depending on 
the relationship between the pump and signal frequencies 
(Fig. 9). 

Many different types of parametric amplifiers have 
been developed. The frequency characteristics of some 
of them are shown in Fig. 10. (The gain-bandwidth 
product is used as a measure of the performance of a 
parametric amplifier and is a function of the frequencies 
involved, the conductance of the amplifier, and the Q 
of the waveguide cavities.) They are essentially narrow- 
band devices, although they can be made tunable. Gains 
of from 10 to 30 db are achievable, with noise figures 
from 1 to 5 db. Data are shown for three different 
noise-temperature levels (a noise figure of 1 db is 
equivalent to a noise temperature level of 70 K). Re- 
frigeration of the diode and/or the idler load is not 
generally necessary, except for the achievement of the 
low noise temperatures that are obtainable with masers. 
The excellent noise figures of the maser are low enough 
(10 to 35 K) to warrant their use in special microwave 
receivers despite their comparative bulk, complexity and 
cooling requirements. Improved diodes and cooling with 
liquid nitrogen or air may, in the future, obviate the 
need for maser amplifiers. Gain and/or bandwidth can 
be increased by using a chain of several diode-tuned 
cavities operating as a distributed or traveling-wave am- 
plifier. 

The varactor diode has also been important in raising 
the efficiency of microwave harmonic generators, modu- 
lators, switches and limiters. The power levels of the 
diodes have been raised through the use of higher- 
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Fig. 9 — Modes of operation of a parametric amplifier depend 
on the relationship between the pump and signal frequencies. 
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Fig. 8 — Cut-away view of an X-band parametric amplifier. 


temperature materials, such as GaAs, and higher voltages 
can be applied when thin layers of intrinsic material 
are used in their construction. Conversion efficiencies 
have been improved simultaneously, so that harmonic 
generators can supply milliwatts of power up to X-band 
frequencies and microwatts in the millimeter region. In 
the frequency range from 200 to 2000 mc, it has been 
demonstrated that duplexers, limiters, and externally con- 
trolled switches can handle peak powers of 14 to 5 kw. 
Power averaging between 1 and 10 watts can be dis- 
sipated. 


Tunnel Diodes 


When biased in the forward direction, the tunnel diode 
exhibits a negative resistance of tenths to hundredths of 
an ohm over a dynamic range of a few tenths of a volt. 
Since its initial introduction about two years ago, it has 
created a great deal of interest for its use as an ultrafast 
switch for logic purposes and as a low-noise microwave 
oscillator, amplifier, or converter. While the tunneling 
mechanism is theoretically independent of frequency, 
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Fig. 10-—— Voltage gain-bandwith product vs frequency for 
various diode parametric amplifiers. (Sources of information: 
Units 1, 2, 3— Airborne Instruments Laboratories; 4, 5, 6, 7, 
8 — Bell Telephone Laboratories; 9 — General Electric; 10, 11, 
18 — Hughes Aircraft; 12 —ITT Laboratories; 13 — Motorola; 
14— Micromega; 15—Raytheon; 16—RCA; 17 — Stanford 
Research Institute. 





practical limits on the diode’s application are imposed 
by: (a) the series inductance and capacitance of the 
package: (b) the RC time constant of the junction capaci- 
tance: and (c) the series-base resistance which can exceed 
the negative resistance. 

The first of these limitations has been overcome largely 
by virtue of the extremely small sizes that have been 
obtained. The silicon “microdiode” shown at the top in 
Fig. 11 is about 80 x 35 mils and is fully encapsulated 
in a protective glass bead. It is suitable for use in con- 
ventional printed-circuit applications and also as a series 
element in microwave stripline. The “pill box” shown 
below is 50 mils in diameter and is very similar in 
construction to the varactor diode. It provides an ideal 
shunt element in stripline or waveguide. 

Experimental i-f amplifiers have been built with these 
devices to operate at 30 mc with gains from 14 to 28 
db and a gain bandwidth of from 3 to 6 mc. The noise 
figure is difficult to appraise, inasmuch as the tunnel 
diode is bilateral with virtually no isolation between input 
and output. Noise figures as low as 2.5 db have been 
achieved, but a figure of about 4 or 6 db is probably 
more practical. Fortunately, the minimum noise figure 
occurs when the gain-bandwidth product is the largest. 
The gain stability of tunnel-diode amplifiers remains a 
significant problem because of changes in the negative 
conductance of the diode due to variations in operating 
voltages, temperature, load impedance, etc. A distributed 
traveling-wave amplifier has been suggested with a single, 


Fig. 12— A 4-mm germanium crystal mixer. 
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long, narrow-line diode placed along the axis of stripline 
structure. Possibly a ferrite isolator could be incorporated 
directly within the same structure for non-reciprocal 
attenuation to suppress spurious oscillations. 

Tunnel diodes have shown useful oscillations up to 
approximately 8000 mc with 10 to 100 microwatts of 
power, depending somewhat on the elaborateness of the 
tuning cavities used. For example, a simple oscillator 
unit, tunable over the 100 to 1400-mc band, can be 
packaged in about 7 cu in. It produces tenths of a milli- 
watt with a d-c input of only 0.2 volt. To obtain more 
reasonable power, multiple diodes in push-pull arrange- 
ments could be used. 

Another potentially important tunnel-diode application 
is as a low-noise down-converter with conversion gain. 
Parametric amplifiers have good noise figures only as 
up-converters; as down-converters they have poor noise 
factors. Noise figures for converters can be made better 
than those of amplifiers because mix-matches can exist 
in-a converter without impairing its gain. With a 210-mc 
signal and a local oscillator of 240 mc, a gain of 6 db 
was achieved with a germanium tunnel diode at a differ- 
ence frequency of 30 mc. The noise figure was 5.2 db 
for a bandwidth of 0.09 mc. With a gallium arsenide 
diode in the same device, the gain rose to 22 db with a 
reduced bandwidth of 0.15 mc and a noise figure of 2.8 
db. Noise figures well below 3 db should be obtainable 
at frequencies well into the microwave region. Since the 
operation of a tunnel diode depends on its non-linear 
resistance properties rather than its reactive properties, 
the effect of frequency should be small and broad-band 
devices should be commonplace. 


Limitations — Present and Future 


When one considers the design limitations of many 
of the semiconductor devices we have discussed, it be- 
comes apparent that the upper frequency for their use 
is limited first by the connecting leads and the holder 
and second by the RC time constant of the junction 
itself. The first obvious step is to eliminate the container 
completely. 

Shown in Fig. 12 is a 4-mm germanium crystal mixer, 
hermetically sealed directly within waveguide tubing 
(which is 100 x 50 mils). For this wavelength, it has 
the rather remarkable noise figure of about 13 db. How- 
ever, the continuous shrinking of size is not the ultimate 
solution to all of the problems. The microscopic junctions 
required produce extremely high electric field and ther- 
mal gradients, so that both peak and average powers 
are extremely restricted. This places further design limi- 
tations on the dynamic range and gain as the frequency 
is increased. 

There is a growing feeling that some of the greatest 
future advances may be achieved through the use of the 
interaction between bulk semiconductor materials and 
electromagnetic fields. For example, the direct inter- 
action between a static or d-c magnetic field and an r-f 
magnetic field in a ferrite material has produced a host 
of microwave devices with non-reciprocal properties. 
Such devices have made possible isolators, circulators. 
attenuators, and switches in many transmission-line con- 
figurations over a wide range of frequency and power 
levels because the interaction area was not limited to 
a finite junction. The non-linear, reactive properties of 
ferrites also enable them to perform parametric ampli- 

(Continued on page 129) 
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Hyperbolic Functions 
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THE HYPERBOLIC cosine and hyperbolic sine can be de- 
fined in terms of the ascending and descending exponen- 
tial functions 


cosh x ‘ (1) 


sinh r 


5 (2) 
By analogy to the simple trigonometric function, tan x, 
the hyperbolic tangent is then defined as 


sinhr e? —e* ; 
tanh r = ie a iced (3) 


and the three functions, hyperbolic cotangent. hyper- 
bolic secant and hyperbolic cosecant, as 


1 _O+ee 


‘oth z = ——— 
eee tanh x 


e= —e?t 


1 2 
2 


coshz  e* +e? 
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1 2 
esch r =— = —— 
and sinhz e* —e?* 


Equations (1) and (2) may be added to obtain 
e? = cosh s + sinh es (7) 


and. in a similar manner, subtracting Eq (2) from Eq 
(1) yields 


e-= = cosh sr — sinhs (8) 


Odd and Even Hyperbolic Functions. Inspection 
of the three relationships given by Eqs (1), (2) and (3) 
shows that cosh x and sinh x increase as x increases. 
Furthermore, they both become unbounded as x in- 
creases without limit. Finally, we see that tanh x is 
always less than unity, approaching unity as x approaches 
infinity. Both sinh x and tanh x equal zero when x = 0. 
Cosh x, however, is equal to unity at x = 0. 

The hyperbolic functions coth x, sech x and csch x 
may be analyzed in an identical manner. Coth x and esch 
x are unbounded at x = 0 and approach unity and zero, 
respectively, as x increases without limit. The value of 
sech x is unity at x — 0, and approaches zero as x 
approaches infinity. We see that the relationships as given 
by Eqs (4), (5) and (6) are truly reciprocal to the 
relationships of Eqs (1), (2) and (3). 

The functions cosh x and sech x are even functions 
[ f(x) = f(—+x)]. This is readily shown by merely sub- 
stituting —x for x in Eq (1). 

Ce +e e 7 + e 
9 


—_ = =coshzr (9) 


cosh (—r) = = 


and, of course, by the reciprocal relationship 














Fig. 1 — Plots of six hyperbolic functions. 


1 1 


cosh (—z) ~ cosh z acch = (10) 


sech (—r) = 

We may perform the same substitution in the defini- 

tion of sinh x as given by Eq (2) to show that sinh (—x) 
is an odd function [f/(x) = —f(—+x)]. Thus, 


sinh (—z) = cs on — [= = =] = -—sinhz (11) 


and hence 


eee ae 
sinh (—z) sinh (x) 


—eschr (12) 


esch (—z) = 


Furthermore, for tanh (—x) and coth (—x), 


sinh(—z) _ —sinhz 


tanh (—z) = cosh(—z)  coshz 


= —tanhz (13) 


l 1 


coth (—r) = tanh (—2) a tanh x 


=-cothz (14) 

The foregoing six hyperbolic functions are plotted in 
Fig. 1. It may be noted that there is practically no simi- 
larity between these functions and their trigonometric 
counterparts. 


The Square Relationships. The hyperbolic functions 
are not independent of one another. Three important 
relationships concerning their squares exist, namely: 


cosh*z — sinh*z = 1 (15) 


1 — tanh*z 





coth’z — 1 = csch’z (17) 


Equation (15) is proved by squaring the relationship 
for cosh x, Eq (1), and subtracting the square of sinh x, 
Eq (2), from the result: 


: e+e 7]? e—e 7]? 
cosh*r — sinh’z = [ = — 


= ; [e2= +2 + e 2 — es +2 a e~ 22] 


1 
=a od 
Then, if Eq (15) is divided throughout by cosh?x, we 
have 
sinh?r 1 


cosh¢z cosh2r 


cosh2z 


cosh*z 
1 — tanh’z = sech*z 
and finally, with the identical procedure, but dividing 
by sinh?x, 
cosh 


sinh*rs Ss 
sinh?z 


sinh’z = sinh’z 


coth’z — 1 = esch?r 


Addition and Subtraction Relationships. If two 
variables, x and y, are considered, we may represent the 
hyperbolic cosine and sine of their sum and difference as: 

cosh (z + y) = cosh z cosh y + sinh z sinh y (18) 
cosh (x — y) = cosh z cosh y — sinh z sinh y (19) 
sinh (x + y) = sinh z cosh y + cosh z sinh y (20) 
sinh (x — y) = sinh z cosh y — cosh z sinh y (21) 


Equations (18) and (20) are proved by beginning 
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with the definitions of the hyperbolic cosine and sine. 
For cosh (x + y¥), we have 


cosh (x + y) = cosh z cosh y + sinh z sinh y 


_ erent +e? e-—etTe@-¢? 
Sie. ‘ .  e 
ety + ety + e-(t-y) + em (ety) 
neem —-+ 
4 
erty — et-v — e-(2-y) + oe (ety) 
aetna nee x 





td Futons = cosh (r + y) 
A similar proof exists for sinh (x + y): 


sinh (x + y) = sinh z cosh y + cosh z sinh y 


e=-Cri e+e % Core tn 
=f) [IE 


ez ty —e (2-y) + et _— e (2+y) 
4 


e7*V + e(2-¥) — et-v — e (ety) 


4 


erty —e (zt+y) 


—— = sinh (x + y) 
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(18) and (20), x = y, we obtain: 
cosh 2r = cosh*r + sinh*r (22 
and 
sinh 2r = 2sinh rcoshr (23) 
Using these in conjunction with Eq (15), we may obtain 


cosh 2r = 2 cosh’r — 1 (24) 


cosh 2r = 2 sinh’r + 1 (25) 


which may be solved for cosh?x and sinh*x to give: 


: cosh 2r + 1 
omhkts 2. 


~_ 


cosh 2r — 1 
= 


sinh’z = 


Inverse Hyperbolic Functions. The nomenclature 
for the inverse hyperbolic function is identical to that 
for the inverse trigonometric function. Just as sin-'x or 


> 


arc sin x means “the angle whose sine is x,” we may 
take cosh"!x or arc cosh x to mean “the variable whose 
hyperbolic cosine is x.” If 


y = cosh"=r 
we may write 


ev+ev 


z =coshy = 5 
a 


which, upon separation, will yield 


1 
ev — 2x +— = 0 
ev 


and, finally, the quadratic equation 
{ev}? — 2rev +1 =0 

which has the roots 
ev=rey¥2?—1 
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Upon taking the natural logarithm, we obtain (retain- 
ing both roots) 


y = log(z + Vv 2? — 1) 


coshz = log(z + ¥ 7? — 1) > (28) 
In a similar manner, we may obtain 


sinh“'z = logr + Vv z? + 1) (29) 
and 


<i (30) 


1 l+27 
tanh“'r = 5 log. oe *) 


Derivatives. Derivatives of the hyperbolic functions 
themselves are obtained quite simply from their defini- 
tions. For example, Eq (1) is differentiated thus: 


: cost == a = + : =] 
<_—... tia dr 2 


ef -_— e 
. — 


= sinh r 
Similarly, from Eq (2), 
See ae “58"] 
zr zr 


d. 9 


se 
2 
= cosh x (32) 
The derivative of tanh x is obtained from a differentia- 
tion of Eq (3): 


d : d [fe* — e* 
Je MW Slate =| 
ot ect Mahe redntg aaa tse ial 
[e* +e*P 


e*z + 2 oo e-2z — et aa 2-—e°%% 


(+ epP 


* err Som a ean este (33) 


cosh?r 


In a similar manner, we may obtain for the derivatives 
of other hyperbolic functions: 


.- coth z — esch*r (34) 


d. 


d sech z = — sechztanhz (35) 
dz 


4 esch z = — csch zcothz (36) 
dr 


Now, take the inverse hyperbolic cosine: 


y = cosh™'z 
z = coshy 


and hence 


Oe BS Sie, ees 
dz sinhy + cosh’y —1 





1 
coshz =————— 


dr v2-1 
sinh"'x so that 


rz =sinhy 


cosh y 


oe Re. 1 
V sinh?y + 1 


cosh y 


and finally 


4 sinh'z (38) 
dx vz2#+1 


The derivatives of the other inverse hyperbolic rela- 
tionships may be found in an identical manner: 


a tanh“'z z? <1 


dr 


d 
—coth"z = 


dr 


¢ 
—csch'r 


dz 


integration. A list of elementary integrals can be 
obtained by referring to Eqs (31) through (42) and 
actually performing an integration. For example, take 
Eq (31): 


cosh r = sinh x 


C 
dr 


J d cosh z = [son rdzr 
dr 


cosh rs + ¢ = [sos rdr (43) 


Two important integrals cannot be obtained from this 
procedure of reversing the differentiation. These are: 


[rant zdz= 


log. cosh z + ¢€ (44) 


fw xdr = log, sinh r +c (45) 


Equation (44) is proved as follows: 


sinh r 
tanh z dr = dr 
cosh z 
e 
a d cosh z 
cosh r 
eo 
= log. cosh r+ec 


and the proof of Eq (45) is similar. 
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Relationship to Trigonometric Functions. From 
Euler’s equations (which are obtained from the Mac- 
Laurin series expansions of e*” and e~'*) we have, (with 


i = \ aan i 
e’*= =coszr+isinz 
e"= = coszr — ising 


These may be solved for cos x and sin x to yield 


ez aad e 


9 
- 


== e wz = 
. (47) 


isinz 


Equations (46) and (47) show that the cosine and 
sine of a real variable, x, may be expressed in terms of 
ascending and descending exponentials with imaginary 
exponents. We may compare these with the definitions of 
the hyperbolic cosine and sine and show that 


: ez + e = 
cosh ir 


sinh ir isin z 


‘ sinh ir isin z 
tenh ic = ——— = 


: =itanz (50) 
cosh ir cos x 


Relationship to the Hyperbola. It can be shown 
that the hyperbolic functions have the same relationship 
to the equilateral hyperbola as the trigonometric func- 
tions have to the circle. To do this, we consider the two 
pairs of parametric equations 


r = acoshv 
y = asinhv 


r= acosv 
y =asinv (52) 


The parameter v can be eliminated in each pair by 
squaring and subtracting or adding. Hence, for Eqs 
(51) we have: 


xz? — y® = a? cosh*» — a? sinh*» 
= a%cosh*» — sinh*v) 


= a@%(1) = a? 


which is the equation for an equilateral hyperbola. 
In a similar manner, for Eqs (52), we have: 


zr? + y? = a’ cos’v + a? sin*y 
= a*(cos*v + sin*v) 
=a’*(1l) = @ 


which is the equation for the circle. 


Solutions to a Physical System. Solutions to the 
general transmission-line problem are often expressed 
in terms of hyperbolic functions. The procedure in this 
case is to propose a mathematical model for the line 
and derive the so-called “telegraph” equations—a pair of 
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(b) 


Fig. 2— (a) Network representation of transmission line. Zero reference is assigned to receiving end. Input voltage to transmission 
line V, differs from source voltage E by internal impedance drop. (b) An isolated differential section of the transmission line. 


second-order, linear differential equations with constant 
coefficients. The solutions to the telegraph equations in 
terms of hyperbolic functions are then readily obtainable. 

The conventional electrical transmission line consists 
of two parallel wires which comprise a network with 
distributed parameters. (The frequently used coaxial 
line has one wire contained within the other.) Analysis 
of the transmission line requires consideration of four 
distributed parameters: 


a. resistance (of the metallic conductors) 

b. capacitance (between the two wires separated by a 
dielectric) 

c. inductance (due to the magnetic field surrounding con- 
ductors) 

d. conductance (the finitely resistive insulation causes 
leakage between the wires) 


The present analysis considers the general case of all 
four of these physical factors as being present. Resistances 
and inductances are series parameters, while capacitances 
and conductances are shunt parameters. 

For analysis, the entire transmission line may be 
thought of as a cascaded network of lumped-parameter 
sections (expressed per unit of length). In Fig. 2, the 
entire transmission line is displayed at (a), while one 
isolated differential section is shown at (b). The series 
impedance per unit length Z is divided in half for network 
symmetry and includes resistance and inductance, while 
the shunt admittance Y combines conductance and ca- 
pacitance. The line parameters are independant of current 
and voltage and are time invariant. They are: 


R = resistance in ohms per unit length 

L = inductance in henries per unit length 

G = conductance in reciprocal ohms (mhos) per unit length 

C = capacitance in farads per unit length 

With the application of a sinusoidal signal, the in- 
stantaneous voltage (V) and current (/) may be ana- 
lyzed by considering the isolated section shown in 2(b). 
The difference in voltage between the ends of the differ- 
ential section, separated by Ax units of length, is equal 
to the voltage drop resulting from the passage of current 
through the section: 


= ¥ - (v 425 az) = — [Zhz (53) 
or 
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and the difference in current at the ends of the differen- 
tial section is due to the current passing through the ad- 
mittance from line to line: 


Al =] - (1 + a) =— VYar (54) 
or 
Equations (53) and (54) may be rewritten as 


av . 
a7 


al = YV 


or 


(54a) 
These may be solved simultaneously by differentiating 
Eq (53a) with respect to x: 


eV ie 


from which 


a. 1 er 


dz Z ax? 


and, by substituting this into Eq (54a), one may obtain 
the voltage equation 


1 #&V is 
Z ont rv 
Since V and x are the present variables, the above is 


expressed as a total derivative 


ev ~ ZYV 


dz’ 
In a similar manner, Eq (54a) is differentiated 


OS CBF 


ox? Ox 
so that 


a V = ‘ Pl 
éx—Ss Y':«sO? 





, upon substitution of this into Eq (53a), one obtains 


1 @l 
Y aes ZI 


es EVI (56) 
dr* 


Equations (55) and (56) relate the voltage and cur- 
rent, respectively, with distance along the line. These are 
the so-called telegraph equations and their solutions may 
be set down immediately as 


V = Ce + Crea (57) 
I = Cye™ + Cem (58) 


where the arbitrary constants are to be evaluated from 
the boundary conditions. In transmission-line parlance, 
a is designated as the propagation constant of the line 
la = VZY). 

At the receiving end of the line, where x = 0, the 
voltage and current assume their receiving-end values, 
Vp and Ip. ‘e, at x = 0, Eqs (57) and (58) reduce to 


Ve =C4+C; (59) 
and 


Ir=OG:+G (60) 


To complete this evaluation, we refer to the implicit rela- 
tions between voltage and current given by Eqs (53a) 
and (54a). If Eqs (57) and (58) are substituted into 
Eqs (53a) and (54a), we will have (after performing 
the necessary differentiation) 


(aCe? — aC,e~27) = Z (C3e*7 + Cye~**) (61) 


(aCze"* — aCye~2*) Y (Cyet* + Cye~2*) (62) 


If Eq (61) is divided by a and Eq (62) is divided 
by Y. we obtain 
Cye** Je 2 (ye +4 Cye~* (63) 


Cyet* + Cre? = + Lae? — 7G (64) 


If it is recognized that Z/a = Z/\/ZY = \ Z/Y and 
a/Y = VZY/Y = \VZ/Y, addition of Eqs (63) and 
(64) will yield 

2Cer* = 2 \/ pen (65) 


and by subtraction of Eq (63) from Eq (64), 


— 2cere = 24/ Zoe 
2 \ y 


The foregoing yields 


C, = \/ a C; = ZC; (68) 


where Z, is designated as the characteristic impedance 


of the line (Z, = \V/Z/Y). 
Substituting Eqs (67) and (68) in Eqs (59) and (60), 
we obtain 


Ve = ZC; 
Ir = C,4+C, (70) 


— ZL, (69) 


Equation (70) is multiplied by Z, and then added to 
Eq (69) to give 


’ Ve + Zolr Ve 
0, = Bate 


In a similar manner, a subtraction yields 
(72) 
Equations (71) and (72) are then used in conjunction 
with Eqs (67) and (68) to yield 


C; ele Jel (73) 


Vr _ Zolr (74) 
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Referring back to Eqs (57) and (58), the particular 
solutions to the telegraph equations are therefore: 


V. Zol V 
(Soa (% 


— 2 ) o- (7) 


I 1 I V " 
($+ a7.) 7 + ( , oe (76) 


These may be expanded so that the result is expressible 
in hyperbolic sines and cosines. For equation (75), 


=—8 ear aa Fol on 2 +e ear — Zen 


ate =) 4 Zole (“> —e =) 


= Vrcosh ar + Zole sinh ar 


Finally, for Eq (76), 


“az 


2 Ve az 
“s “Se +37 


ear —az V ett — e-az 
- (4 0 “ee, 


= Ipcosh at 4-2 inh ar 
Zo 


z Tr ~az 
~ oe 
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Effects of Temperature on 


Magnetic Properties of 


Cobalt-iIron Alloys 


Results of temperature cycling (—60 to +500 C) are shown 


by typical graphs. Normal magnetization curves at various 


temperatures and total core loss at different inductions 


and temperatures are presented for three cobalt-iron alloys. 


J. J. CLARK and J. F. FRITZ 
Materials Laboratories 
WESTINGHOUSE ELECTRIC CORPORATION 
East Pittsburgh, Pennsylvania 


THE ALLOYs OF iron and cobalt (27-50 per cent cobalt) 
represent those magnetic materials with the highest Curie 
temperatures while showing the highest saturation induc- 
tions of commercially useful alloys. 

Though the Curie temperature is theoretically the 
limiting temperature for operation of ferromagnetic 
materials, in actual application the maximum operating 
temperature is lower than the Curie temperature. This 
limitation is defined by the induction level which the 
design requires and the temperature beyond which this 
induction cannot be reached without excessive excitation. 


Preparation of Test Samples 


This article is a study* of the effects of temperature 
on the magnetic properties of three commercially avail- 
able cobalt-iron alloys: Hiperco 27 (27 per cent cobalt), 
Hiperco 35 (35 per cent cobalt), and Supermendur (49 
per cent cobalt and 2 per cent vanadium). 

In preparing these materials for test and evaluation, the 
optimum properties of the Supermendur were obtained 
through high-purity alloying and a magnetic anneal. Test 
samples of Hiperco alloys were of “window frame” type, 
consisting of 514-in. squares of 0.027-in. thick sheet 
with a 41-in. square hole stacked to a height of 1-in. 


* Data used in this article have been extracted from work performed under Air 
Force Contract No. AF33 (600)-35489 for the Hetelec program (North American 


Aviation as prime contractor) and Air Force Contract No. AF33 (616) -5555 (under 
direction of Wright Air Development Center). 


OCTOBER 1961 


The Supermendur samples were 1 in. x 114-in. x 4 in. 
toroids wound from 0.002-in. strip. Interlaminar resist- 
ance was provided by a phosphoric acid type of coating 
for the Hiperco alloys, and by a magnesium oxide coat- 
ing for the Supermendur alloy. 


Test Methods 


The d-c magnetic properties were measured by the 
standard ballistic method. Core loss at 60 cps was meas- 
ured with a Universal loss tester. 

The effects of temperature on various magnetic proper- 
ties of Hiperco 27 are shown in Figs. 1, 2 and 3. The 
normal magnetization curves of Fig. 1 show that the 
permeability of Hiperco 27 responds to temperature in 
much the same manner as other ferromagnetic materials: 
the permeability decreases with increasing temperature 
at high inductions, and increases at low inductions. How- 
ever, it should be noted that, in the —60 to +500 C 
range, the changes are relatively small. Coercive force, 
residual induction and core loss at 60 cps are decreasing 
functions of temperature in the range shown in Figs. 
2 and 3 (see next page). 

The variations with temperature of the magnetic pro- 
perties of Hiperco 35 are similar to those of the 27 per 
cent alloy. The permeability, as indicated by the normal 
magnetization curves of Fig. 4, decreases with increasing 
temperature for all but the lowest inductions. As in 
Hiperco 27, the d-c properties are relatively stable in 
the —60 to +500 C range. Coercive force, residual in- 
duction, and 60-cps core loss decrease with increasing 
temperature in the manner shown in Figs. 5 and 6. 

Increasing the temperature to 400 C brings about an 
increase in the permeability of the Supermendur alloy 

(Continued on page 95) 
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Fig. 2 — Coercive force and residual induction for Hiperco 27 
vs temperature (tip magnetizing force, 50 oersteds). 
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Fig. 1 — Normal magnetization curves for Hiperco 27 at various 
temperatures. 
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Fig. 4 — Normal magnetization curves for Hiperco 35 at various 
temperatures. 
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Fig. 3 — Total core loss for Hiperco 27 at various inductions vs 
temperature (frequency, 60 cps). 
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Fig. 5 — Coercive force and residual induction for Hiperco 35 
vs temperature (tip magnetizing force, 50 oersteds). Temperature ,deg C 
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Fig. 6— Total core loss for Hiperco 35 at various inductions 
vs temperature (frequency, 60 cps). 
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Fig. 8 — Remanent induction for Supermendur vs temperature. 


at inductions below 20 kilogauss (Fig. 7). However, be- 
tween 400 and 500 C, a rapid change in properties oc- 
curs, resulting in lower permeability at nearly all induc- 
tions. In addition, measuring the room-temperature pro- 
perties after the initial exposure to 500 C shows a drastic 
change, amounting to decreases in low-field permeability 
of as much as 200 per cent. 

Figures 8 and 9, which show the temperature depend- 
ence of remanent induction and coercive force, also in- 
dicate the sharp changes in magnetic properties which 
occur after one exposure to 500 C. On returning the 
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Fig. 7— Normal magnetization curves for Supermendur at 
various temperatures. 


ee ay eterna Eee 


Tip magnetizing force = 50 oersteds | 
(arrows indicate direction of temperature change) 

|. Initial R.T. (room temperature) 
2.R.T. after 250 C - 
3. R.T. after 400C 

4. R.T. ofter 5SOOC 


5. 5OOC ofter cycle to R.T 


i ih 


_—$—<—__—_—_}-__ 








Coercive force, oersteds 


L iia dads bal elias: I a Re 
-200 -100 0 100 200 300 400 500 600 
Temperature ,deg C 


Fig. 9 — Coercive force for Supermendur vs temperature. 


sample to 500 C after cycling to room temperature, the 
properties originally measured at this temperature are 
very nearly restored. Experiments performed in air and 
inert atmosphere indicate that changes in room-tempera- 
ture properties may be due to stresses introduced into the 
toroidal configuration by oxidation, and may not be an 
inherent material property. 


Temperature Cycling 


With ferromagnetic materials, the initial exposure to 
elevated temperature often produces irreversible changes, 
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Table I—Effect of Temperature Cycling on Magnetic 
Properties of Hiperco 27 Measured at 
Room Temperature 


Magnetizing force, oersteds 


300 hr 
5 cycles @ 300C | 


| 


1 
1. 
a | 
7.66 | 
6 
2 


Induction, 


kilogauss Initial 


2 
5 
Coercive force, 
‘versteds 1 
Residual induc- 
tion, gauss 


as well as the familiar reversible changes. The stability 
at various temperatures of an electrical device utilizing 
a magnetic material will also depend upon whatever ir- 
reversible changes may occur in the material. 

There are an infinite number of ways in which the 
temperature environment of a magnetic material may 
change. For the purposes of this study, two common types 
of temperature environments were selected: 


e Cyclic changes from room temperature to 500 C, and 
back to room temperature. 

e Continuous exposures to elevated temperatures for 
periods up to 300 hr. 


80 aac of R.T. (room temperoture) soturatio 
| A,=magnetizing force at temperature 7 
| Mpr= magnetizing force at RT. 
~ M7=\6 kilogouss prs 
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Fig. 10 — Relative change in magnetizing forces of several ma- 
terials vs temperature. 


Table ll—Effect of Temperature Cycling on 
Magnetic Properties of Hiperco 35 Measured 
at Room Temperature 


Magnetizing force, oersteds 


100 hr 
@ 500 C 


Induction, | | 300 hr 
kilogauss Initial 5 cycles | @ 300C 


1.05 
ive 
4.02 

10.70 

35.50 
67.90 


1.17 


Coercive force, 
oersteds ; 1.40 

Residual induc- 
tion, gauss 











The magnetizing force required to produce a given 
induction in Hiperco 27 at room temperatures is listed 
in Table I for various exposures to temperature in an 
air atmosphere. Table II shows the same data for Hi- 
perco 35. These data are the average of five samples. 
The temperature changes were accomplished at a slow 
rate to inhibit expansional stresses. The various exposures 
were performed on the same samples, and in the sequence 
indicated in Tables I and II, reading left to right. 

Table I shows that the magnetizing force at low fields 
(2 to 10 kilogauss) is decreased through five cycles at 
500 C and by a 300-hr exposure to 300 C. However, after 
100 hr at 500 C, the magnetizing force has increased to 
values near the initial properties. At higher inductions (15 
to 20 kilogauss), the magnetizing force is decreased 
through five temperature cycles, increased through 300 
hr at 300 C, and again decreased after 100 hr at 500 C. 
At 22 kilogauss, the aging has increased the magnetizing 
force relative to its initial value. 

The effects of temperature cycling on the magnetizing 
force of Hiperco 35 (Table Il) are somewhat similar to 
those of Hiperco 27 in their being dependent upon the 
induction level. The net result of the various temperature 
cycles slightly reduces the required magnetizing force at 
low inductions, but increases it at the highest induction 
tested (22 kilogauss). 

A similar temperature-cycling program was planned 
for the Supermendur alloy, but was interrupted after 
the initial exposure to 500 C because of drastic changes 
in room-temperature properties of the cores (Fig. 8). 

Except for Supermendur, the cobalt-iron alloys ex- 
perience relatively small changes in magnetic properties 
in the —60 to +500 C temperature range. This is best 
illustrated by comparison with other commercially avail- 
able alloys. Assuming an operating level of 80 per cent 
of room-temperature saturation, the change in magnetiz- 
ing force required to produce this induction level at 
various temperatures is plotted as per cent change in 
Fig. 10. The materials are M-7, an oriented silicon-iron 
alloy; M-14, a hot-rolled silicon-iron alloy; and the 27 
and 35 Hiperco alloys. For the temperature range indi- 
cated, the magnetizing force of Hiperco alloys changes 
by 30 to 35 per cent; that of M-14 becomes excessively 
high; and the oriented alloy, M-7, cannot produce 80 per 
cent of room-temperature saturation above 300 C. OO O 
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ELECTRICAL BREAKDOWN 
in Solids and Liquids 


A. HARRY SHARBAUGH 
and JOHN C. DEVINS 


GENERAL ELectric RESEARCH LABORATORY 
Schenectady, New York 


Editor's Note: In this article, the authors continue 
their systematic examination of the phenomenon of 
electrical breakdown begun in “The Fundamental 
Nature of Electrical Breakdown” in the February 
1961 issue of this magazine. In the first article, the 
subject was introduced with a review of breakdown 
phenomena in gases, since most of the basic concepts 
are best understood in connection with these sub- 
stances. In the present article, these concepts are 
further elucidated in relation to solids and liquids. 
At the conclusion of the article, a comparative 
generalization of electrical-breakdown phenomena in 
the three forms of matter is presented in chart form, 
both as a summary of the two articles and as a con- 
venient reference. 

Electrical breakdown in solids is discussed first in 
relation to polar crystals, nonpolar crystals, and amor- 
phous and partially crystalline solids. Electronic 
theories of breakdown are developed, including some 
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mathematical examples. Theoretical aspects of thermal 
breakdown are also examined, as well as the processes 
that initiate breakdown by gas discharges. The nature 
of breakdown in solids is further examined in a dis- 
cussion dealing with certain interim mechanisms. In 
approaching the application of basic concepts to 
liquids, the authors discuss experimental investiga- 
tions of pre-breakdown currents, effects of time, tem- 
perature and pressure, and the effects of electrode 
materials and configuration. Various theories of break- 
down in liquids are developed, including electronic 
mechanisms and thermal mechanisms. Mathematical 
examples are used where appropriate. 

As in their earlier article, the authors have provided 
a comprehensive bibliography for further study of 
the subject. 

A biographical note on Drs. Sharbaugh and Devins 
appears in the February 1961 issue. A.E.J. 
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ELECTRICAL BREAKDOWN 
in Solids and Liquids 


A. HARRY SHARBAUGH and JOHN C. DEVINS 
GENERAL ELECTRIC RESEARCH LABORATORY 
Schenectady, New York 


l. Introduction 


PRIOR TO ABOUT 1935, the literature on the electric 
strengths of liquids and solids consisted to a large extent 
of compendia of unrelated observations. This situation was 
caused largely by the failure of many investigators to 
recognize that, depending upon the conditions of the ex- 
periment, breakdown might occur by one of a variety of 
widely differing mechanisms. Von Hippel, recognizing the 
need for more carefully controlled experiments, set about 
in 1937 to measure the intrinsic electric strengths of a 
series of alkali halides. As a result of these measurements, 
a set of values was obtained which appeared to be charac- 
teristic of the materials themselves and independent of 
external variables. With reliable measurements on crystals 
whose structure was well understood, serious attempts 
could now be made to develop theories based upon the 
ideas which had been so successful in the treatment of gas 
breakdown 

It is clear that before describing the failure of solids by 
extrapolation of gas breakdown theory, certain obvious 
differences must be taken into account. First, the density 
of a soli¢d is about one thousand times that of a gas under 
normal conditions. As a result, the values for the electric 
strength of solids are some ten to one hundred times those 
for gases. At such high fields, new processes (such as field 
emission of electrons) may and do occur. In addition, 
crystalline solids offer new mechanisms for dissipating the 
energy of field-accelerated electrons—namely, through ex- 
citation of lattice vibrations. 

From a consideration of densities alone, we should 
expect liquid breakdown to resemble that for solids, and 
indeed the breakdown strengths of liquids and solids are 
of the same order. Evidence that field emission plays an 
important role in the breakdown of liquids has been ad- 
duced. On the other hand, in their absence of structure, 
liquids more nearly resemble gases. Amorphous solids on 
this basis would be expected to behave more like liquids. 

In this article we shall discuss (in turn) solid and liquid 
breakdown, and shall contrast and compare breakdown in 


the three states of matter in a table summary at the end. 

The potential difference at which breakdown occurs, 
divided by the specimen thickness, is loosely referred to by 
such terms as the breakdown field strength, dielectric 
strength, electric strength, or intrinsic electric strength. The 
magnitude of such a strength will depend upon the com- 
position and structure of the dielectric, but—in addition— 
will often be a function of a multiplicity of external var- 
iables such as the uniformity of the field, possible heating 
effects caused by long stress times, and the presence of 
gaseous discharges. 

When breakdown is caused by a thermal runaway 
process, it is called a thermal breakdown. If it is induced 
by deterioration from a gaseous discharge, it is classed as 
a discharge-type of breakdown. This latter breakdown may 
arise from discharges in voids or bubbles in the dielectric 
under investigation. In the case of solids, it may occur in 
the ambient medium at the electrode edges. However, if 
certain precautions are observed during the measurement, 
the possibility of these two kinds of breakdown and the 
influence of other external variables may be substantially 
reduced and an intrinsic electric strength that is more or 
less characteristic of the constituent atomic and molecular 
structure of the solid may be measured. We will reserve the 
name “intrinsic electric breakdown” to describe a failure of 
this type and use the term “electric breakdown” when re- 
ferring to all other breakdowns which have not been 
specifically established as being intrinsic. Until a more de- 
tailed understanding of the mechanism of breakdown is 
available, the precise influence of many of the variables 
cannot be evaluated. For example, some theories of break- 
down in liquids predict a dependence on the composition 
of the electrodes; however, within the present limits of 
conventional measurement techniques (values reported by 
various investigators often differ by, say, 30 per cent), 
these effects cannot be positively assessed. In solids, how- 
ever, the electronic theories have all assumed that the 
breakdown strength is an intrinsic property of the solid. 


2. Breakdown in Solids 


2.1 Experimental Results 

There is more or less general agreement on the experi- 
mental evidence bearing on intrinsic breakdown of solids. 
The fact that these results are best described in terms of 
specific compounds is evidence for the paucity of repro- 
ducible experimental data. These compounds can be 
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grouped as follows: (1) polar crystals, (2) non-polar crys- 
tals, (3) amorphous and partially crystalline solids. 

2.1.1 Polar Crystals. The ease of growth of single 
crystals has made the alkali halides particularly attractive 
compounds for study. Several groups of workers have 
measured the breakdown strengths of the two alkali 
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halides, KBr and NaCl, over a range of temperatures. The 
values for NaCl below room temperature are shown in 
Fig. 1, where the results by different investigators are 
indicated by the different kinds of points. From these data 
it is generally concluded that the breakdown strength in- 
creases with increasing temperature. While this conclusion 
might be reached on the basis of the results for NaCl, a 
similar conclusion for KBr is hardly justified, even when 
considering the results of one investigator. The large spread 
in values between the different investigators, amounting to 
as much as 100 per cent, indicates clearly that even in 
these very simple systems, uncontrolled variables still exist. 
As will be seen later, the refinement of the theory of the 
breakdown of polar crystals seems to be far ahead of the 
ability of the experimenter to reproduce his breakdown 
values. 

The state of the experimental art is exemplified in Fig. 2 
for both low- and high-temperature measurements of the 
strength of NaCl. A wide scatter in results is evident over 
the entire temperature range, and it has been suggested 
that lattice deformation and orientation with respect to 
the field may be partially responsible. This lattice deforma- 
tion may arise from a lack of annealing of the crystals as 
well as stresses of electric origin. 

Figure 2 shows little evidence for a dependence of elec- 
tric strength upon crystal orientation, except perhaps at 
the lowest temperature. Data for KCI (not shown) provide 
better evidence for a directional effect, the breakdown 
strength varying 50 to 100 per cent for the three crystallo- 
graphic axes. In addition, thermal breakdown may be the 
prevailing mechanism for many of the high-temperature 
results, thus introducing other variables external to the 
crystal itself. In this region of temperature, the lack of 
reproducibility of the data makes the temperature depen- 
dence even more uncertain than in the low-temperature 
region. 

It has been reported that in the low-temperature region 
the breakdown strengths of the alkali halides are indepen- 
dent of thickness over the range 10-° to 10-1 cm; they are 
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also independent of the time of application of the voltage 
down to times as small as 10-8 sec. Both of these observa- 
tions offer support for the occurrence of intrinsic break- 
down. 

2.1.2 Non-Polar Crystals. Mica has been the subject 
of a number of investigations in which the electric strength 
has been measured as a function of composition, tempera- 
ture, and thickness. In the low-temperature region, there 
is an even smaller temperature dependence of strength than 
was observed for the alkali halides. Above room tempera- 
ture, strength drops markedly from the low-temperature 
value of about 10 megavolts/cm to about 1 megavolt/cm 
at 600 C. These data were obtained with clear musco- 
vite mica with d-c voltage, although good agreement 
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Fig. 1—Low-temperature theoretical and experimental values 
of the electric strength of NaCl and KBr. Solid line, von 
Hippel-Callen Theory; dashed line, Frohlich Theory. (See Fig. 
4 of Ref. 2 in Bibliography.) 
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Fig. 2—Electric strength of NaCl as a function of temperature and crystallographic orientation. Legend: °, [111] specimens, 


e, [100] specimens; —, [110] specimens. (See Fig. 2 of Ref. 14.) 
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Fig. 3—Dependence of electric strength of mica on thickness. 
(See Fig. 23 of Ref. 9.) 


with impulse breakdown was found in the low-temperature 
region. Some disagreement among workers is found con- 
cerning the effect of impurities. Specifically, the values for 
Stained ruby muscovite mica have been reported by dif- 
ferent investigators over a range from 3 to 10 megavolts/cm 
in the low-temperature region. 

Mica is especially suited for studies of the dependence of 
electric strength on thickness, since it can be split into uni- 
form samples of thickness as small as 10-° cm. The results 
of such a study are shown in Fig. 3. Although the scatter 
is large, there is some indication that the strength rises at 
the smaller thicknesses. For large thicknesses (0.02 to 0.06 
mm), the strength changes only very slowly, approaching 
a value of 10 megavolts/cm. It has been previously pointed 
out that a similar dependence on electrode separation in 
gases is a consequence of avalanche-type breakdown. It 
has been suggested that such may be the case here. 
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Fig. 4—Breakdown strength of glass as a function of temper- 
ature and pulse rise time. (See Fig. 7 of Ref. 2.) 
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2.1.3 Amorphous and Partially Crystalline Solids. 
Glass is an example of a completely amorphous material 
which has been extensively investigated. As Fig. 4 shows, 
the electric strength at low temperatures is about 9 mega- 
volts/em and is independent of temperature when meas- 
ured with short stress times. For a given stress time, there 
is a transition temperature above which there is a sharp 
decrease in strength. This temperature increases with de- 
creasing stress times. It has also been found that the elec- 
tric strength is independent of thickness over the range 
10-* to 10-2 cm. From these observations, it has been con- 
cluded that breakdown is intrinsic below the transition 
temperature, while a kind of thermal breakdown occurs 
above this temperature. This will be discussed subsequently 
in more detail. 

The breakdown strengths of a variety of polymeric ma- 
terials, including both amorphous and partially crystalline 
polymers, have been measured and good agreement is 
found among different investigators. As with glass, there 
is good evidence for a relatively constant and high strength 
at low temperatures, with a rapidly decreasing strength as 
higher temperatures are approached. Typical results for 
four different polymers are shown in Fig. 5. Unlike the 
case with glass, the marked drop-off with temperature here 
is probably not of thermal origin because of the low elec- 
trical conductivity. Although the electric strength of poly- 
ethylene does not depend upon the degree of crystallinity 
over the limited range that may be obtained at room tem- 
perature, it has been suggested that the gross drop-off is 
related to the melting of crystals. The same sharp decrease 
in strength with increasing temperature occurs with the 
non-crystalline polymers; in these cases, the drop-off may 
be connected with a change in the mechanical properties. 
Further evidence for connection between strength and 
mechanical properties is observed for chlorinated poly- 
ethylene, where there is a striking resemblance between the 
electric strength and hardness when these variables are 
plotted against the chlorine content. A similar relationship 
with mechanical properties is also observed for poly- 
ethylene with various degrees of cross-linking as effected 
by irradiation. [The chlorination of polyethylene by chlor- 
ine (8 per cent) in fact raises the electric strength by some 
30-40 per cent.] 

An interesting difference between the electric strengths 
of polymers measured with a-c and d-c stresses has been 
observed. This effect is shown in Fig. 6. As expected, there 
is a linear dependence of voltage upon thickness with very 
small scatter in the results when measured with direct 
current. On the other hand, the a-c breakdown voltages are 
generally lower and exhibit much scatter. The d-c piot 


frei 


7al Polymethy! methacrylate 
}— 4... }__} 
| 
| 





hoon neem 
/Polyethylene 
= cae 


mal 





T 


| 


strength, megavolts/cm 


i 
\* | 
liiaaaieine Te | | | 
e eT | 
| igi. 
Luau lentils | 
- 150 -100 -50 0 150 
Temperature, deg C 


Electric 











Fig. 5—Electric strength of several polymers as a function of 
temperature. (See Figs. 2, 3, 4, and 5 of Ref. 5.) 
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cl>arly represents the upper limiting value of the a-c results. 
[he evidence, while not completely clear, seems to point 
to a thermal breakdown caused by small conducting 
inclusions. 


2.2 Electronic Theories of Breakdown in 
Solids 


2.2.1 Historical Development. It was natural, in view 
of the success of the Townsend avalanche theory in gases, 
to attempt to describe the breakdown of solids in a similar 
manner. A number of early attempts to do this, while par- 
tially successful, were greatly hampered by a lack of un- 
derstanding of the structure of solids. Furthermore, secon- 
dary processes for the production of electrons at the 
cathode, like those occurring in gases, are more difficult to 
visualize in solids. Thus, the actual breakdown criterion 
was not clearly stated. This difficulty has persisted even in 
the more modern expositions of the avalanche theory of 
breakdown in which quantum-mechanical treatments of 
electron-lattice interactions are used. Today, there appears 
to be general agreement that electronic avalanches do 
occur in crystalline solids under the action of an applied 
field. Whether or not they are important in causing break- 
down depends upon the actual criterion for a runaway 
process, but on this point there is no unanimity of opinion. 

2.2.2 Behavior of Electrons in Solids. The electrons in 
free atoms (as in a gas) have a number of possible discrete 
energy levels.* To review the theory briefly, in crystals, 
because of the large interatomic forces, these discrete levels 
are broadened into bands, each consisting of a large 
number of energy levels. If there are N atoms in the lattice, 
then, for each level in the isolated atom, there will be N 
levels in the corresponding band. The region between the 
bands, corresponding to the region between the levels in 
the isolated atoms, is forbidden. When all of the levels 
of a band are occupied, the electrons in this band cannot 
contribute to conduction; however, if a band is only par- 
tially filled, these electrons may contribute to conduction. 
Such an unfilled band is often called a conduction band. 
A schematic representation of these bands is shown in 
Fig. 7, where single shading indicates a permitted but 
empty band, while the double shading indicates completely 
filled bands. Figure 7(a) refers to a perfect insulating 
crystal at absolute zero. At any other temperature [cf Fig. 
7(b)], there is a small but finite probability that an electron 
will have sufficient thermal energy to transcend the for- 
bidden region to a permitted upper unfilled band, where it 
* This behavior has been described by the present authors in their companion 
article on gases, ““The Fundamental Nature of E‘ectr cal Breakdown,’ February 


1961 ELectRo-TECHNOLOGY, page 103. Furtter mfcre’c.s in the ‘ext to this 
article will identify it as ‘Article I.” 


OCTOBER 1961 


Forbidden 


Forbidden 


ERY 


290 K 
eg 


> O deg K 


kd 
Fig. 7—Energy-level diagram for crystalline solids. 
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Fig. 6—Breakdown voltages with direct current (°) and 60 
cycles (e@) for polyethylene. (See Fig. 2 of Ref. 4.) 


can contribute to conduction. The application of this 
theory to semiconductors has been exhaustively treated in 
the literature. 

Electrons may be promoted to the conduction band by 
the application of a strong electric field. This occurs by 
a quantum-mechanical tunneling process similar to that 
causing field emission of electrons from a metal surface 
(cf Article I, Sec. 5.3); hence, it is sometimes referred to 
as “internal” field emission. A theory of breakdown utiliz- 
ing this concept has been developed by Zener. It is rather 
loosely assumed that breakdown will occur when the 
strongly field-dependent current density reaches a value of 
the order of 1 amp/sq cm. This is similar to the “critical 
current density theory” for gases described in Sec. 5.3 of 
Article I, where it was seen that when the current is 
strongly field-dependent, the precise value of the critical 
current selected is relatively unimportant. 

Knowing the lattice spacing and the band gap, and using 
a well-established equation for field emission, we can apply 
the stated criterion to the calculation of breakdown value. 
For the alkali halides, a breakdown value of about 30 
megavolts/cm is thus predicted; observed breakdown field 
strengths are closer to 1 megavolt/cm. Furthermore, the 
Zener theory does not predict the observed positive tem- 
perature coefficient for breakdown. This theory does apply 
to breakdown in certain semiconductors, where the band 
gaps are smaller than for insulating crystals. 

With the failure of the field-emission theory of Zener 
as applied to insulators, we are led to consider collisional 
ionization more carefully as a source of the catastrophic 
breakdown current. In Article I we discussed in some detail 
the factors controlling the collisional ionization coefficient 
a for gases. This quantity was defined as the number of 
ionizing collisions made by each electron in moving 1 cm in 
the direction of the field. We found that electrons gained 
energy from the field as they were accelerated between 
collisions with gas molecules, and that they lost energy via 
these collisions. For a given field, below that required for 
breakdown, the energy lost by such collisions very nearly 
equaled that gained from the field. Furthermore, in the 
steady state, the electrons possessed an energy distribution 
extending from nearly zero to somewhat above the ioniza- 
tion potential of the molecules. The fraction of electrons in 
this distribution having energy greater than the ionization 
potential was the principal factor determining a. 

The most important process that leads to energy losses 
in gases is the electronic excitation of the molecules. In 
insulating solids, however, a more important mechanism 
of energy loss involves excitation of the lattice vibrations. 
This process is, of course, not possible in gases. 





In Article I, we emphasized the importance of the var- 
iable E/p in determining the energy gained per mean free 
path of the electron. In breakdown theories for solids, the 
energy gained between collisions from the applied field 
is an important parameter, as it was for gases, but now the 
pressure p is no longer a conveniently accessible experi- 
mental variable to change the mean free path. In its place, 
we shall be concerned with the lattice spacing in the 
crystal, which is not readily changed by pressure, but 
rather by selecting crystalline compounds with different 
atomic spacing. Having compared the a process in gases 
and solids, we are now ready to consider in some detail 
the interaction of the electrons with the lattice vibrations. 

A homely analogy may be useful to illustrate what 
happens to an accelerated electron in a crystal as the 
temperature is raised. Let us liken the orderly arrangement 
of atoms in a crystal lattice to the rows of stalks in a corn- 
field. Motion of the cornstalks—caused, for example, by a 
breeze—may be compared with the vibration of atoms 
about their equilibrium positions in a lattice. As the tem- 
perature is lowered, there is decreased motion of the atoms, 
just as with the cornfield on a comparatively still day. 
Under these conditions, a person (electron) may move with 
little hindrance down the rows of corn (crystal lattice). 
However, as the motion of the stalks is increased by 
rustling in a breeze, then an individual will “interact” with 
the corn as he attempts to move along the rows. By 
analogy, we have increased vibration of the atoms about 
their rest positions as the temperature is increased, and so 
the electron experiences increased interaction with lattice 
vibrations. We shall see later how this effect gives rise to 
a dependence of electric strength on temperature. 

From quantum theory, we learn that an electron in 
motion may be represented by a wave and that such a 
wave will “interact” with the field generated bv an oscillat- 
ing dipole. In polar crystals, the oscillation of ionic charges 
constitutes the oscillating dipole with which the conduction 
electrons may interact. In non-polar crystals (and even in 
polar crystals) we have the possibility that the lattice has 
a moment induced by the applied field. In either case, 
oscillation of the atoms constitutes an oscillating dinole 
and so will provide the necessary condition for interaction. 

In addition to these conditions, there are certain other 
quantum restrictions on the values of electron energy 
which may be lost to the lattice on collision. The vibrating 
atoms are treated as harmonic oscillators and, as such, 
have a set of discrete vibrational energy levels which are 
multiples of hv,, where h is Planck’s constant and », is the 
fundamental vibrational frequency of the oscillator. This 
condition means that electrons which have less energy than 
hv, will not excite vibrations. The probability curve for 
vibrational excitation is a sharply increasing function at 
energies just above hvy,, passing through a maximum, and, 
thereafter, gradually decreasing with increasing energy. 

Information concerning the vibrational modes can be 
obtained from a study of the transmission of elastic waves 
through the solid. In this connection, we recall that when 
the solid is regarded as a continuous medium, a wave of 
length A is propagated through the solid at a constant 
velocity v. The frequency of wave motion, v, is inversely 
proportional to A; i.e., v = vA = constant. However, if we 
consider the solid to be composed of an orderly array of 
identical atoms which are the harmonic oscillators, we find 
that the velocity of the wave is no longer constant, but is 
a periodic function of A. In particular, 


= yosxk SID > 
where a is the spacing of the identical oscillators and »,,,,,, 
is the highest frequency which may be transmitted through 
the solid. These waves are called elastic waves, and this 
mode of vibration of the identical mass points is sometimes 
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referred to as the acoustical mode. Examples of this kind 
of structure include the non-polar crystals where, as men- 
tioned above, we are concerned with induced dipole inter- 
action only. 

Let us next examine the case of the so-called diatomic 
crystal lattice, where the alternate atoms of the lattice have 
two different masses. The polar crystals are examples of 
this kind of structure. Again, the velocity of wave propa- 
gation is a function of the wavelength of the transmitted 
wave, but, in addition, the velocity is a double-valued 
function with certain forbidden values. If the two allowed 
values of frequency corresponding to the two values of 
velocity are plotted agair.. the wavelength, we find two 
curves which bound a .orbidden range of values. The 
upper or highest frequency curve is called the optical 
branch, while the lower frequency curve is called the 
acoustical branch. 

An examination of the physical representation of these 
two modes of oscillation reveals that the center of gravity 
of the atoms remains undisplaced in the optical mode. On 
the other hand, in the acoustical mode, all the particles are 
in synchronous motion and the center of gravity changes. 
In polar crystals, then, the optical mode constitutes an 
oscillating permanent dipole which can interact with an 
electron wave; while in the acoustical mode, we do not 
have oscillation of the permanent dipole and any inter- 
action with the electron wave will depend entirely upon the 
existence of an induced dipole. In non-polar crystals, as 
mentioned earlier, we have an identical set of vibrating 
mass points and so we are concerned solely with the 
acoustical mode and an induced dipole interaction. 

The detail we have gone into in the preceding para- 
graphs is necessary to an understanding of the differences 
between various theoretical treatments of the breakdown 
problem. For example, Frohlich considered the optical 
mode of vibration in ionic crystals to be the only one of 
importance and ignored the acoustical mode. Seitz, in 
later work, showed that although the optical mode is domi- 
nant for electrons of energy of order hy,, the acoustical 
mode increases in importance at higher electron energies 
and becomes the most important mode at energies in the 
ionization range of, say, 10 ev. 

Having discussed the various ways in which electrons 
can lose energy in collisions with the lattice, we shall now 
consider the gain of energy due to acceleration of electrons 
by the field. We shall examine also the conditions under 
which the energy gain and loss are equal and a steady state 
of energy distribution is possible. 

We shall assume first that, on each collision, the electron 
loses all of the energy it has gained from the field. Under 
these conditions, the electrons will possess a steady-state 
energy distribution which will be the same throughout the 
crystal, providing the distance between collisions is small 
compared to the dimensions of the system. Then, the 
average rate of gain of energy is 


de | a. ie 
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where e, is the final electron energy just before .a collision 
with the lattice, ¢«; is.the initial energy just after a colgion 
(in this case «; = 0) and-r. {the so-called mean relaxation 
time) is the average time between collisions. Since the elec- 
tron acceleration between collisions is Ee/m, the final 
velocity is given by 


eE 
v0 = r 
4 m 


Remembering that «, = 42 mv’, we have 
( de _ Cis (2) 
dt Jr 2m ~ 
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As we have seen from our qualitative considerations, 
7 is, in general, a function of electron energy, since elec- 
trons of certain energies will interact more strongly with 
lattice vibrations. The more quantitative treatment of 
energy losses, which is beyond the scope of this article, 
shows (not unexpectedly) that only for certain values of 
electron energy (for a given field) can the collisions result 
in a loss of energy just equal to the gain of energy between 
collisions as given by Eq (2). Thus, only for these energies 
can a steady state exist and Eq (2) be valid. For any other 
values of energy, the electrons will either gain or lose 
energy until a steady state is reached. 

Typical curves for the rate of gain of energy from the 
field, (de/dt),,, for a particular field and the rate of loss of 
energy to the lattice, (de/dt),, are shown in Fig. 8 for polar 
and non-polar crystals. It will be observed that only for 
points A, B, C and D are the two rates equal, so that only 
for these points is Eq (2) valid. It may be further noted 
that two of these points, B and D, represent points of 
unstable equilibrium. Thus, electrons having energy corre- 
sponding to either of these two points need gain only an 
infinitesimal amount of energy in order that their rate of 
gain will exceed their rate of loss. They will then continue 
to gain energy until either the stable equilibrium point, C, 
is reached, or until some other energy barrier, such as 
ionization, is encountered (above D). From the relative 
magnitudes of the two curves, we note that electrons 
having energies on either side of A and C will either lose 
or gain energy until they have that energy corresponding 
to A and C, so that these represent points of stable 
equilibrium. 

We are now in a position to explain the character of 
the curves of Fig. 8. It may first be noted that 


(3), 
ive” * 
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In other words, where 7 is small, the rate of gain of energy 
will be small, while the rate of loss will be large. In non- 
polar crystals we showed that only the acoustical modes 
could be excited by electron collisions and the relatively 
high energy peak shown in Fig. 8(a) for the rate of energy 
loss corresponds to this type of interaction. In polar crys- 
tals, however, an additional strong interaction with the 
optical modes is possible, and this is shown in Fig. 8(b) 
with its peak at low energies in the vicinity of hv. 

2.2.3 Electronic Breakdown Theories. We now con- 
sider two somewhat similar mechanisms of breakdown in 
crystals. The first was proposed by von Hippel and was 
placed on a quantitative basis by Seeger and Teller, and 
the second was advanced by Frohlich. Both theories treat 
polar crystals and consider only losses to the optical modes 
of the lattice. We therefore redraw, in Fig. 9, the curves 
of Fig. 8(b) to include energy losses to optical modes 
only and energy-gain curves for several applied fields, 
BE. <8, <8, <.s,. 

Von Hippel assumed that all of the electrons thermally 
excited to the conduction band have the same energy, 
corresponding to the points A for a given applied field. 
The system would then be stable for all fields less than E,. 
Above E,, electrons would gain energy faster than they 
would lose it, so that their energy would increase to a 
value of «;, the ionization energy. This field was assumed 
to be the breakdown field. It was possible to calculate the 
electric strengths of the alkali halides and the values so 
obtained agreed reasonably well with measured breakdown 
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Fig. 8—Rates of gain and loss of energy to crystal lattice: 
(a) non-polar crystal, (b) polar crystal. (See Fig. 3 of Ref. 15.) 


fields. It should be noted that this theory predicts that 
there will be no measurable pre-breakdown current, and 
that the ionization coefficient a will be discontinuous, rising 
from zero to a very large value at E,. 

The breakdown criterion proposed by Frohlich was 
somewhat less stringent. He allowed first for the fact that 
the conduction electrons will have a distribution of energy, 
and that a few would have very high energies. Thus, even 
at a field below breakdown (say, E,), occasional electrons 
would gain enough energy to cause ionization, producing 
new electrons and leaving positively charged “holes” in the 
lattice. Before proceeding further, it is necessary to con- 
sider the fate of these new free electrons and holes. 

We consider the potential energy well which an electron 
would encounter as it approaches a hole formed by ioniza- 
tion. As the electron approaches the hole, it suffers a force 
of attraction, gaining energy until, at the bottom of the 
well, it will have energy e; + kT,—providing it does not 
lose energy by collision with the lattice. Under these con- 
ditions, the electron will merely climb out of the well and 
proceed without having recombined. If, now, the electron 
does lose an amount of energy by collision with the lattice 
greater than kT, while it is descending into the potential 
well, it will no longer be able to climb out and will become 
trapped. That is, recombination will have occurred and the 
electron will be removed from the conduction band. 

Let us again consider the electrons produced by occa- 
sional ionization with a field E, applied (Fig. 9). These 
electrons, as they attempt to recombine, will gain energies 
up to approximately «; (point P), at which point they are 
still losing energy faster than they can gain it. They will 
thus, on the average, recombine, and there will be very 
little net gain in the number of electrons by ionization. Let 
us consider the system with an applied field of E,. Elec- 
trons gaining «; during attempted recombination now gain 
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Fig. 9—Rates of gain and loss of energy to crystal lattice 
(optical mode only). Solid line, (de dt), ; dashed line, (de dt),., 
E PE OESE,. 


energy faster than they lose it, so that they do not recom- 
bine. Thus, the occasional ionizations by electrons on the 
high-energy tail of the distribution function lead to an 
ever-increasing number of electrons and, finally, to break- 
down. The minimum field at which this can occur is E,, 
and this is defined by Frohlich as the breakdown field. Like 
the theory of von Hippel, the Frohlich theory predicts 
essentially no pre-breakdown current and a discontinuity 
in @ at the breakdown threshold. 

By reference to the abscissa of Fig. 9, it is evident why 
the von Hippel theory is sometimes referred to as having 
a low-energy criterion while that of Frohlich has a high- 
energy criterion. It may be noted that the Frohlich theory 
predicts a lower value for the breakdown field than does 
that of von Hippel. The reason why one often finds values 





Fig. 10—Rates of energy gain and loss to polar lattice 
(optical and acoustical modes). Solid line, (de/dt), ; dashed line, 
(de/dt),; dotted line, (de/dt),; neglecting acoustical mode. 
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calculated by the two theories to be in essential agreement 
arises from the different lattice parameters which are usea 
in the calculations. As we shall see, however, when we 
include excitation of the acoustical modes in the treat- 
ment, these differences may be of only academic interest. 

The origin of the positive temperature coefficient of 
breakdown predicted by both the Frohlich and von Hippel 
theories is now evident. Recalling the “cornfield” analogy, 
we note that an increase in temperature results in more 
interaction with the lattice and a decreasing time between 
collisions, r. Thus, according to Eqs (3) and (4), the curve 
for (de/dt), in Fig. 9 moves upward and that for (de/dt), 
moves downward, and it would be necessary to increase 
the field to obtain the condition for breakdown. 

We have already noted that both the von Hippel and 
Frohlich theories of breakdown for polar crystals neglected 
interaction with the acoustical modes of vibration. Seitz 
subsequently showed that while this interaction was domi- 
nant in non-polar crystals, as expected, it must also be in- 
cluded in the treatment of polar crystals (Fig. 8). Through 
the use of Fig. 10 we will now show that the inclusion of 
the acoustical interactions in the theory causes the electric 
strengths calculated according to the Frohlich criterion to 
shift to higher values that are more nearly equal to those 
predicted from the von Hivpel criterion. 

In Fig. 10, E, denotes the field at which (de/dt), and 
(de/dt).. intersect at the ionization energy, and breakdown 
would occur at this applied field according to the original 
Frohlich treatment. However, when the acoustical modes 
are included, the corresponding intersection of the energy 
gain and loss curves occurs at much higher values of 
(de/dt), and the newly predicted breakdown field is given 
by E.’ in Fig. 10. We note that the calculated value of the 
breakdown field using the von Hippel criterion, E,,, remains 
unchanged when the acoustical modes are included in 
the losses. 

Using this refined treatment, the breakdown fields pre- 
dicted according to the Frohlich and von Hippel theories 
are considerably higher than those measured experimen- 
tally. Seitz therefore considered the possibility that, even at 
fields below those at which energy instabilities like those of 
von Hippel and Frohlich could occur, electron avalanches 
of sufficient size might develop to cause thermal or 
mechanical rupture of the crystal. He adopted as a criterion 
for breakdown the condition that every lattice atom in the 
volume of one avalanche should gain, on the average. 10 
ev of energy. Such a condition would certainly lead to a 
conducting path in the crystal and consequent breakdown. 
He found that fulfillment of this criterion required that the 
initial electron make 40 multiplications in crossing the gap. 
The calculation of this critical avalanche size is instructive 
and we will outline the procedure used by Seitz. 

We assume the applied field E = 10° volts/cm, the gan 
5 = 1 cm, the electron mobility ~» = 1 cm®*/volt/sec, and 
compute the avalanche volume. The time ¢ for an initiator) 
electron to cross a specimen one centimeter in thickness 
is given by t = 8/v,,;;, = 5/pE = 10° sec. In this time, 
electrons will diffuse laterally d cm. According to the 
Einstein diffusion equation, this is given by d = \/2Dt, 
where the diffusion coefficient D is obtained from kinetic 
theory as D = ch/3. Here, c is the random velocity and A 
is the mean free path (3 * 10° cm). When c is taken to be 
about 100 times the drift velocity, v,,;;,, we compute d to 
be about 10°° cm. Thus, the avalanche column is roughly 
the volume of a cylinder of 10°° cm radius and 1 cm in 
length, or about 3 & 10° cu cm. From the crystal density, 
we compute the number of atoms in such a volume to be 
10'*. Now, an electron gains 10° ev in crossing the speci- 
men, so it could transfer 10 ev of energy to 10° atoms. 
Hence, in order for every atom in the avalanche volume to 
gain 10 ev, as assumed by Seitz, we would need 10% 
electrons in each avalanche. This could happen if the 


ELECTRO-TECHNOLOGY 





starting electron made forty multiplications in its transit 
across the gap, since 2" = 102 = 24°, 

As discussed in connection with the Frohlich theory, 
the electrons possess a distribution in energy, and only a 
small fraction of them have energies which exceed the 
ionization energy e¢;. Furthermore, it was discussed in 
Article I how such a distribution is calculable for gases 
from a knowledge of the rate of energy gain and loss of 
the electrons (de/dt), and (de/dt),. We may compute the 
ionization coefficient a for solids in exactly the same way. 
In fact, the form of the equation for the dependence of a 
upon field strength for crystals is very similar to that for 
gases. Remembering that the mean free path for ionization 
by the electron, \., is just the reciprocal of a, we may 
calculate A; for different applied field strengths, E. When 
this is done for ionic crystals, we find that at E = 0.2E,,, 
A; = 1 cm, which is just the thickness of the specimen. 
Now, the Seitz critical avalanche would be reached when 
A; = 1 cm/40, and this occurs when E = 0.24E,,. Thus, 
accepting the rather stringent Seitz criterion, the computed 
breakdown field is only about one-quarter of that calcu- 
lated according to the von Hippel or Frohlich criteria. 
This fact makes the differences between E,, and E,, as 
calculated in their original treatments, of only academic 
interest. This is particularly so in view of the better agree- 
ment between the Seitz values and experiment. A further 
consequence of the Seitz theory is the prediction that 
avalanches should occur at about 20 per cent below break- 
down (when 4; ~ 1 cm). (Some of the experimental evi- 
dence for the existence of these avalanches has been 
presented in Sec. 2.1.2.) 

In our treatments so far, we have assumed (a) that the 
electrons either occupy the energetically stable valence band 
or are free in the conduction band, and (b) that the only 
important collisions are between electrons and the lattice. 
While these assumptions are valid in relatively “perfect” 
crystals at low temperatures, they do not represent the 
facts at higher temperatures (approximately room tempera- 
ture or above). This is particularly so in crystals containing 
impurities or imperfections, or in amorphous or partly 
amorphous materials. Even highly purified crystals at 
higher temperatures develop lattice defects (ion vacancies 
or atoms and ions in interstitial positions) whch may 
serve to trap electrons. The energy levels for such defects, 
and those due to impurity atoms, usually lie rather close 
to the conduction band. Consequently, electrons so trapped 
are rather easily raised thermally to the conduction band 
which, as a result, becomes relatively highly populated. In 
this case, we can no longer neglect collisions between elec- 
trons in the conduction band; in fact, in the temperature 
range of interest to this theory, such collisions by far pre- 
dominate over those involving the lattice. The free elec- 
trons now gain energy from the field and rapidly share it 
with one another as well as with those in imperfection 
levels, thus reaching an electron temperature, T,, con- 
siderably higher than that of the lattice. If the system is to 
remain stable (i.e., if the field is below that required for 
breakdown), the energy gained from the field must still be 
dissipated to the lattice, and this is accomplished princi- 
pally by the electrons trapped in the imperfection levels. 
We shall now examine more quantitatively the conditions 
under which the energy gain cannot be balanced by the 
loss, and breakdown will occur. 

From Eq (3), the rate of gain of energy is given by 


de , Er n 
(3), « Ne m (5) 


where we have now considered the gain due to all the 
electrons in the conduction band, N,, rather than per elec- 
tron as in Eq (3). Since the electrons in the conduction 
band are essentially in thermal equilibrium with those in 
the imperfection and impurity levels at a temperature T,, 
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N. = Nie~40/% 


where AV is the average energy between trap levels and 
the conduction band and N; is the concentration of 
electrons in the impurity levels. Usually, N. << Nj, so 
that as T, increases, N,. increases rapidly, while N; remains 
relatively constant. Since energy loss to the lattice occurs 
largely via the trapped electrons, a large increase with 
electron temperature would not be expected. Actually, the 
rate of loss is a function of the difference, T, — T,, where 
T, is the lattice temperature. Thus, as the lattice tempera- 
ture is increased for a given value of T,, the rate of loss 
is decreased, becoming zero at T, = T). 

Curves for the rate of energy gain from the field 
(de/dt),, and the rate of loss to the lattice, (de/dt),, are 
drawn in Fig. 11 as a function of T, for several values of 
applied field and one value of T,. With an applied field E,, 
the electrons will reach the stable electron temperature 
given by A,. When the field is E,, the energy gain is always 
larger than the loss, and breakdown will occur. The 
maximum field at which a stable electron temperature is 
possible is E,, for which the gain and loss curves are 
tangential at A.. Obviously, as the lattice temperature is 
raised and the curve for rate of energy loss is lowered, the 
breakdown field is also lowered. 

The high-temperature theory of Frohlich thus predicts 
a temperature dependence for the electric strength which is 
opposite in sign to that predicted by the low-temperature 
theories. The temperature for the transition from the low- 
to high-temperature theory should decrease with increasing 
concentrations of impurities and imperfections in the 
crystal. The sharp drop in electric strength of polyethylene 
near the crystal melting point (Fig. 5) has been attributed 
to the increase in the number of trapping centers. In 
associating a drop in electric strength with increasing tem- 
perature with the Frohlich theory, care must be taken to 
eliminate the possibility of ordinary thermal mechanisms 
which show a similar temperature dependence. 

2.2.4 Thermal Breakdown. There are several processes 
which cause heat to be generated in a dielectric specimen 
under stress: (a) the flow of ionic currents, (b) the inter- 
action of electronic currents with the lattice as discussed 
in Sec. 2.2.1, and (c) the displacement of bound ions or 
dipoles in an a-c field. The quantity of heat generated by 
one or more of these mechanisms increases with the 
applied voltage, and if a specimen cannot dissipate this 
self-generated heat at a rate equal to its formation rate, 
then the temperature will rise spontaneously. Breakdown 
may then take place through an electronic mechanism 
when the intrinsic strength falls as a result of temperature 
increase (cf Frohlich high-temperature breakdown) or 


Electron temperature, 7, 


Fig. 11—Rates of energy gain and loss as a function of elec- 
tron temperature in imperfect crystals. Solid line, (de/dt),; 
dashed line, (de/dt),.. 
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when the sample simply melts, decomposes, or becomes a 
dissociated electrolyte. It is this latter type of failure that 
is commonly called thermal breakdown. 

This mechanism of breakdown was recognized as early 
as 1904 and has been extensively investigated both in 
theory and practice. It is of interest to note that the dis- 
cussion of thermal breakdown is the only part of S. White- 
head’s second book on solid breakdown which remains 
substantially unchanged from his book on this subject 
written some twenty-five years earlier. 

There are two very general equations which apply to 
thermal breakdown and which serve as the starting point 
for all theoretical treatments of the subject. The first is 
the so-called equation of continuity of heat, which states 
that heat input to an element of volume must be com- 
pletely accounted for either by raising the temperature of 
the sample, or by heat flow out of the volume element. 
Thus 


T 


cE? = C, = + div (k grad T) 


d 
where E is the applied field, o is that part of the electrical 
conductivity which produces heat, C, is the heat capacity, 
dT/dt is the rate of change of temperature, k is the heat 
conductivity, and grad T is the gradient of the temperature 
in the element. 

The second general equation expresses the continuity of 
current flow through the sample and, in the absence of 
collisional ionization, states that all the current flowing into 
the element must come out—i.e., there is no generation of 
electricity in the volume element. It is expressed mathe- 
matically as 

div J = div (wCE) = 0 
where e« is the dielectric constant and C, is the vacuum 
capacitance of the system. 

For those unaccustomed to vector notation, in the one- 
dimensional case, these two equations are simply: 


i a | or) 
Gates 


d 
wo 7 (cE) = 0 


In these equations C,, 0, k, and e are functions of the 
temperature and o may also be a function of E. Thus, in 
principle, if the functional dependence of all these var- 
iables is known, a complete solution of the equations would 
express the time dependence of the temperature at any 
place in the sample as a function of the applied field. In 
practice, one must solve the equations for certain special- 
ized geometries and ambient temperatures (boundary 
conditions). 

An immediate and considerable simplification of the 
thermal continuity equation may be effected in the case 
of short stress times where there is insufficient time for 
heat to flow out of the region where it is generated. In 
such cases, the term (d/dx)[(k)(dT/dx)] may be omitted 
and thermal breakdown under those conditions is called 
impulse thermal breakdown. Similarly, if one is concerned 
with long-time thermal breakdowns, the transient term 
C,(dT/dt) may be omitted and the equation describes an 
ordinary thermal breakdown. 

The dependence of temperature upon time for increas- 
ing values of applied voltage is shown in Fig. 12. Here, 
T,, and V,, are the maximum temperature and voltage to 
which the sample may be subjected before thermal run- 
away. Breakdown occurs subsequently when the sample 
attains a critical temperature T,, at which time the speci- 
men will decompose either by melting or by chemically 
degrading. Of course, T, may lie below T,,,, in which case 
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breakdown occurs without ever attaining a thermal run- 
away condition; this will be discussed in detail later. The 
temperature at equilibrium (applied voltage <= V,,) will be 
determined by solutions of the thermal continuity equation 
for long times, while the behavior for applied voltages 
much greater than V,, will, in general, be described by 
the transient solution; i.e., impulse thermal breakdown. 
The experimental data for glass (cf Sec 2.1.3) in the region 
where the electric strength is time-dependent is an example 
of impulse thermal breakdown. 

With the use of the two continuity equations and a 
somewhat involved mathematical approach, several useful 
generalizations may be made concerning “long-time” or 
ordinary thermal breakdown. Alternatively, we shall 
present a less rigorous, but simpler treatment in the follow- 
ing paragraphs to derive similar generalizations. 

A-C stresses provide an opportunity for dipolar heating 
in addition to the heating due to transport of ionic changes 
from electrode to electrode, which is the only mechanism 
possible with direct current. The total a-c current flowing 
through the dielectric consists of a heat-producing part 
(in phase with the applied voltage) and a non-heating 
component (in quadrature with the voltage). To keep track 
of these, it is convenient to define a complex dielectric 
constant e = «’ — je”, where ¢’ is the quantity commonly 
referred to as dielectric constant and e” is the loss factor. 
Thus, the current density J through a specimen is given 
by J = joC,e€E = cE where o = jwC,«. It is this current 
which must be continuous through the specimen, as stated 
in the continuity equation for current given above. 

It is important to note that the o in the thermal con- 
tinuity equation is the real part of the complex o as we 
have just defined it, for the heat generated is given by the 
scalar product of J + E, which is wC,e”E*. Thus, for a-c, 
o = wC,e”, and o becomes the d-c conductivity under d-c 
conditions. 

Let us consider two series slabs of dielectric 1 and 2 
whose conductivities are o, and o., through which a 
current of density J passes. This current density must be 
continuous throughout the composite specimen—i.e., J = 
oE = constant, independent of x, the coordinate measured 
in the direction of the field. On direct current, « becomes 
the d-c conductivity which increases with a rise in tempera- 
ture; hence, E must decrease to maintain constant J at any 
x. The rate of heat generation, W, at any potential hot 
spot would suffer a net reduction since W = oE*, and 
thermal runaway at the point would not be possible. 

With a good dielectric (where «’ >> e”, with a-c stresses 
a = jwoC,e’ and J = joC,e’E), € decreases relatively little 
with an increase in temperature; hence, the stress is not 
reduced at hot spots as in the d-c case. However, e”, even 
though it is small, still determines the heat input W = 
oC,e”E*, and it increases with temperature. As a result, 
W will rise locally at hot spots and thermal runaway can 
occur. With poor dielectrics (e” >> ¢’), o = wC,e”E, and 
so the stress is relieved just as was true with direct current. 
On the basis of these arguments, we state our first general- 
ization: with a-c stresses and good dielectrics, thermal run- 
away is much more probable than with d-c stresses, or with 
poor dielectrics on alternating current where local hot spots 
cannot develop. 

The next generalization to be established is the existence 
of a finite maximum stable voltage V ,,, independent of thick- 
ness, for thick specimens. We shall show further that V,, 
depends only upon the physical properties of the material 
and the ambient temperature. We assume a slab in which 
all the heat flows through the two opposite faces, which 
are normal to the field. The heat generated per unit time in 
a region bounded by unit surface area and having a re- 
sistance R and thickness d is: 


Vt _ Ve 


W=R q 
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Here o is the average value of the heat-producing portion 
of the conductivity throughout the slab, and is assumed to 
be independent of voltage. The temperature will be highest 
at the slab center and will fall to T,, the ambient value at 
the two surfaces of unit area. The rate of heat flow H 
through these two surfaces will be 


ao 41k(T — T.) 
d 


where k is the thermal conductivity and (T — T,) is the 
steady-state thermal gradient. The equation of thermal con- 
tinuity states that, at equilibrium, W = H and hence V? 
becomes 


yar 7.) 
g 


Thus, the temperature of the hottest layer at the center 
of the slab depends only on the applied voltage V and is 
independent of the thickness of the sample. If T rises to 
T., then breakdown will occur. The equation is useful in 
spite of the indefinite magnitude of 7, for many materials. 
This is true because the strong dependence of o on tem- 
perature makes V relatively insensitive to T,. A more exact 
treatment, based on a general solution of the equations of 
continuity, leads to our final generalization; viz, for all 
materials the product V,,2 * o, is a constant, where o, is 
the conductivity measured at the ambient temperature and 
V,, is the maximum stable voltage above which thermal 
runaway occurs. 

With certain reasonable assumptions, we have shown that, 
for thick specimens where the thermal resistance is deter- 
mined by the sample properties (and not by the sample- 
electrode interface), there exists a finite thermal-breakdown 
voltage which is independent of thickness. We will now 
investigate the dependence of breakdown voltage upon 
thickness for “thin” samples, where the chief barrier to 
heat flow is at the electrode sample interface and the 
sample has a uniform temperature T (no gradient within 
the sample). In this case, H is proportional to (T — T,) and 
W = V*o/d as before. Under steady-state conditions, we 
arrive at 


V « / aT = ra) 
ye 


and at thermal breakdown we have V « \/d, where o is 
independent of applied field. If o is assumed to increase 
linearly with the field, then V « d?/%, 

If we assume that we have lateral heat flow only, as in 
the case of a localized conducting channel which extends 
across the sample, then we have H « d for any sample 
thickness. At breakdown, V « d. 

For these three special cases, we note that V « d”, 
where 0 < m < 1. Therefore, the thermal breakdown 
field is related to thickness by 


E « d=! 


where (m — 1) < O and all the cases examined above 
would exhibit increasing values of breakdown field with 
decreasing sample thickness. Such a breakdown character- 
istic is commonly observed in practice. 

In the preceding derivation of the dependence of thermal 
breakdown voltage upon thickness of the sample, it was 
assumed that breakdown occurred when the temperature 
of the hottest part of the sample reached the decomposition 
or critical temperature T,. Moreover, attention was also 
called to the fact that a state of thermal instability could 
also occur at a temperature T,, which is less than T,. The 
difference between these two temperatures is shown in 
Fig. 13, where the steady-state rate of heat generation, W, 
and rate of dissipation, H, are plotted as functions of tem- 
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Fig. 12—Dependence of temperature upon time for several 
values of applied voltage. 


perature T. For simplicity, the rate of dissipation has been 
taken to be proportional to the temperature rise of the 
sample; hence, H can be represented as a straight line with 
intercept at the ambient temperature 7,. The rate of 
generation curve for a constant field is convex to the tem- 
perature axis, since the electrical conductivity usually in- 
creases exponentially with temperature. The two most com- 
monly used expressions for the dependence of o upon T 
are: o, exp aT and o, exp (—b/T). With increasing values 
of applied field, the family of curves W,, W., and W, are 
drawn in Fig. 13. Curves are shown for two materials 
having different critical temperatures, T., and T,>». 

For W,, watts/cu cm input to sample 1, the tem- 
perature will rise to T,, where a stable condition is attained. 
For a small increase in temperature, the dissipation exceeds 
the generation of heat, and the temperature falls back to 
T,. Thermal breakdown will occur for this sample at an 
applied field corresponding to the W, curve, for which the 
point of intersection is just T,,. Next, consider sample 2, 
whose critical temperature T,. is somewhat higher. At W, 
watts/cu cm heat input, the W curve is just tangent to 
the H curve, and a point of instability is reached at a 
temperature 7,,. For a small increase in temperature, the 
generation exceeds the dissipation of heat, causing the 
temperature to rise still further and a condition of thermal 
runaway is encountered. In mathematical terms, we state 
that the thermal breakdown voltage is the applied voltage 


Generation, W, or dissipation,A, of heat 


Tem perature 


Fig. 13—Rate of generation and loss of heat as a function 
of temperature. 
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Fig. 14—Aa) Equivalent circuit of a dielectric containing a void; 
(b) time dependence of applied voltage V; (c) time dependence 
of void voltage V.,. 


for which the equation W = H fails to have a real solution. 
It is necessary only to wait for the temperature to rise 
spontaneously until the sample reaches the temperature 
T,., When breakdown will occur. 

We recall that a similar set of curves, (de/dt), and 
(de/dt),, rather than W and H, was discussed in connec- 
tion with the Frohlich high-temperature theory of elec- 
tronic breakdown. In that case, T,, would rise to T, in less 
than a microsecond, while seconds or even hours are re- 
quired in the case of ordinary thermal breakdown. Thus, 
long times for breakdown are characteristics of thermal 
runaway processes; therefore, impulse voltages, thin speci- 
mens, and electrodes with large thermal capacity are often 
used when it is desired to avoid thermal breakdown. How- 
ever, if the electrical conductivity is sufficiently high, we 
have seen in the case of glass that impulse thermal break- 
down can occur in times as short as a few microseconds. 
Thus, the. use of impulse voltages favors, but does not 
guarantee, the absence of thermal failure. 

2.2.5 Breakdown Initiated by Gas Discharges. Even 
when one may eliminate the possibility of thermal mecha- 
nisms of failure by using low-loss materials, thin specimens 
with massive electrodes and short durations of applied 
voltage, it is often found that the electric strength is much 
lower than that to be expected for an intrinsic breakdown. 
It is usually lower for a-c voltage than for d-c voltage, 
and drops with increasing time of application of voltage. 
The rate at which it drops increases with increasing fre- 
quency of the applied a-c voltage. Over a very long period 
(often many years), samples may fail at stresses very little 
higher than would be required to break down an equivalent 
layer of air. 

These phenomena are often the earmarks of breakdown 
initiated by gas discharges occurring either in voids in the 
solid or in the vicinity of electrodes on the surface. Such 
discharges chemically degrade the solid and result either 
in a gradual erosion until the intrinsic strength is exceeded 
in some spot, or in the production of species which raise 
the electrical losses to the point where thermal runaway is 
possible. Often, if mechanical forces are present, electrical 
failure may occur as a result of the degradation of mecha- 
nical properties of the materials by the discharges. For 
example, in many polymers, cross-linking reactions may 
cause embrittlement, with ultimate failure due to cracking. 
Materials under mechanical strain may undergo “stress- 
cracking” or “ozone-cutting” owing to scission of polymer 
chains by the discharges or their products. 

Although it is relatively easy to delineate the processes 
by which the discharges may cause chemical reactions in 
the solid, it is very difficult to assess the true relative im- 
portance of each. The electrons and ions striking the solid 
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surface have sufficient energy, kinetic or potential, to 
lead to rupture of chemical bonds by processes similar to 
those known to occur in radiation chemistry. The same 
is true of the ultraviolet light produced in the discharge. 
Depending upon the gas present in the discharge, various 
highly reactive atoms, free radicals and _ electronically 
excited molecules are produced which can react with the 
solid. Finally, new molecules may be formed in the gas 
discharge which will react with the adjacent solid dielectric. 
In air, for example, highly reactive nitrogen oxides and 
ozone are produced. Much work remains before one can 
identify particular chemical reactions with any or all of 
the above types of processes. In spite of the fact that much 
remains to be learned about the detailed electrical nature of 
the discharges, certain generalizations have been possible. 

Let us consider the model for a dielectric containing a 
void shown in Fig. 14(a). Here, C,, represents the capacity 
of the void which is in series with a solid dielectric whose 
capacity is C,, and C, represents the capacity of the re- 
maining solid in parallel with the combination. If a 
sinusoidal voltage, V, is now applied to the system, the 
voltage will divide capacitively between C,, and C,—pro- 
viding the electric strength of the gas in C,, is not exceeded 
and no discharges occur. In Sec. 3.2 of Article I, we 
showed that the electric strength of a gas is relatively inde- 
pendent of the nature of the electrode material. It has been 
found that even when the electrodes consist of a typical 
solid dielectric, the sparking potential, V,, differs little 
from that for most metal electrodes. Thus, when the 
voltage across the void V,, [Fig. 14(c)], reaches V,, break- 
down will occur. Charge produced by ionization in the gas 
in C,, will remain on the insulating surfaces of C,, to lower 
its potential to V,, the extinction voltage for the discharge. 
At the same time, charge will flow from the external circuit 
(including C,, if the external circuit impedence is suffi- 
ciently high) to raise the voltage across C,. The discharge 
time is very short—perhaps 10° sec—and can be related 
to the transit times of ions and electrons in the discharge. 
After the fast discharge, the voltage on C,, continues to rise 
at the sinusoidal rate until, after an increase of V,, a 
further discharge can occur. These will continue to the 
neighborhood of the peak of the applied voltage, after 
which the voltage across C,, will decrease and discharges 
will cease. The charge remaining on C,, will augment the 
applied field on the next half cycle, and a new series of 
discharges will begin at an earlier point. This may occur 
even at the zero of applied voltage, as shown in Fig. 14(b), 
or before or after the zero—depending upon the amount 
of charge deposited. This, in turn, is a function of how 
much the peak voltage exceeded the starting voltage in the 
first half-cycle. As a result, more discharges will occur on 
the second half-cycle. After several half cycles, a steady 
state will, of course, be reached at which time the average 
charge transported on each half-cycle will be the same. 
At this time, if the peak applied voltage is increased, dis- 
charges will begin sooner on the voltage wave and the 
number of discharges per half-cycle will increase. 

An interesting feature of this model is that it permits 
an explanation of the often-observed intermittent dis- 
charges which may appear for many cycles and then cease. 
Thus, even if the peak applied voltage is somewhat below 
that required for sustained discharges, it may be augmented 
by the field due to charge deposition by a chance discharge 
(owing, for example, to a fluctuation in voltage) so that a 
further breakdown can occur. Discharges may then con- 
tinue on each half-cycle—but, as a little reflection will 
show, at an earlier point on the wave for each cycle. 
Eventually, the sum of the applied voltage and that due 
to deposited charge will fail to reach the sparking potential 
on a half-cycle, and discharges will cease. The phenomenon 
will be accentuated for low values of the extinction 
voltage V,. 
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A number of studies have been made of the so-called 
“epochs” of the discharges on the voltage wave, and on the 
basis of these observations, the general validity of the 
above simple model has been confirmed. Detailed con- 
siderations suggest, however, that some modifications are 
necessary. It has been found, for example, that—except 
perhaps for voids of very small cross section—the whole 
void is not discharged. Only relatively small areas appear 
to be involved in each discharge, and it seems likely that 
the extinction voltage is low. As a result, sites once dis- 
charged tend to remain in such condition for a relatively 
long time, changing slowly as transverse leakage occurs. 

For d-c stresses, the model of Fig. 14(a) predicts that 
discharges can occur only as the voltage is raised. In prac- 
tice, of course, C, will always possess a leakage resistance, 
R,, effectively in parallel with it, so that the voltage across 
C,, can build up again with a time constant R,C,. Thus, 
depending upon the magnitude of the applied voltage and 
this time constant, recurring discharges in voids will occur 
even with d-c voltages. For most good dielectrics, however, 
R,C, is very long and damage due to disharges is usually 
much less with d-c than with a-c of comparable stresses. 

The application of the model of Fig. 14(a) to practical 
systems is further complicated by the fact that such systems 
seldom contain only one void. There is usually a wide dis- 
tribution of void sizes and, in the case of an electrode on 
the dielectric surface, an essentially infinite distribution of 
air gaps is available at the electrode edge. Let us consider, 
for example, a sphere resting on a sheet of dielectric of 
thickness 8’, and let us assume as a first approximation that 
the field in the varying gap is tniform normal to the 
dielectric. Our model must now be replaced by one con- 
taining a large number of series combinations of C,, and 
C,, each C,, corresponding to a different air gap. Now, the 
voltage across any particular air gap is V, = V(C,/C, + 
C.), where V is the applied voltage. Assuming the thickness 
of the dielectric remains constant, this may be written 

¥,=—y 

1 + a 
where « is the dielectric constant of the solid and 6 is the 
air gap under consideration. Now, if V is raised until the 
peak value V; is just that required to initiate stable dis- 
charges, V, must be equal to V,, the sparking potential. 
Thus from a knowledge of V, as a function of 5, we can 
calculate the discharge initiation voltage, V;, often referred 
to as the corona starting voltage. 

Let us assume, for example, that in the range of void 
sizes of interest 

V, =Ai+8B 
Then 


"2 =|: +1 ](49 +B) 
€ 


It is interesting to note that this expression for V; has a 
minimum value with varying 6. Discharges will therefore 
first appear at this value of 6 and with this value of Vj. 
Curves for V; as a function of 6 for various values of 8’/e 
are shown in Fig. 15 for air. These curves were plotted 
using measured data for V, as a function of 5, rather than 
the simplified expression assumed above. It should be noted 
that the minima in this figure bear no relation to the 
Paschen law minimum (Sec. 3 of Article I), except when 
5’/e is zero. On the contrary, as seen above, they appear 
even when a linear relationship between V, and 86 is 
assumed. Figure 15 is useful for calculating V; from 
knowledge only of the dielectric constant and thickness 
when a wide range of void sizes or an electrode edge are 
present, as is often the case in practical systems. It has 
been found to apply remarkably well for all geometries 
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except the sharpest-edged electrodes, where field inhomo- 
geneities must be taken into account. 

A number of discharge detectors and devices for measur- 
ing energy dissipated in the discharges are available, but 
more than a cursory examination of them is beyond the 
scope of this article. They include devices based on optical 
techniques (e.g., photomultipliers), aural methods (micro- 
phones), high-frequency electrical detectors (tuned circuits 
and amplifiers as well as radio receivers), and various types 
of bridges designed to measure electrical losses. The last 
two have enjoyed the most popularity in recent years. 

Since the discharges are of very short duration, the 
spectrum of their Fourier components extends well into the 
megacycle range and they are readily isolated from the 
power-frequency currents. As a result, very high gains are 
possible, and detection of discharges containing only a few 
electron avalanches is possible. In some ways this has been 
unfortunate, since no one has as yet established the lower 
limit of discharge magnitude below which the life of com- 
mercial equipment is adequate. With the advent of more 
and more sensitive detectors, equipment which was earlier 
thought to be free of discharges has come under sus- 
picion. Particular care must be taken under these condi- 
tions to eliminate stray discharges generated on the leads 
or in the power supply. Much remains to be done before 
reliable correlations between discharge magnitude and life 
of insulation are established. 

Low-frequency bridges are corona detectors of relatively 
low sensitivity, since they measure the ratio of in-phase 
to out-of-phase current. However, they have the advantage 
of providing a direct measurement of the average energy 
dissipated in the discharges, a quantity which has in some 
cases been correlated with chemical degradation. A useful 
variation of conventional bridge techniques is one in which 
the charge, rather than the current, flowing to the system 
is measured as a function of the sinusoidally varying 
voltage. These may be plotted as a cyclogram on the 
oscilloscope, the area of which is proportional to the power 
dissipated. 

Although time-consuming, perhaps the most direct 
method for evaluating the effects of discharges on electrical 
insulation is the measurement of the time-to-failure as a 
function of applied voltage. The fact that such a curve 
appears to approach infinite life asymptotically to the dis- 
charge inception voltage is good evidence that failure is 
caused by discharges. The time required to establish such 
curves may be considerably reduced by increasing the fre- 
quency of the applied voltage. Provided that the normal 
a-c losses are sufficiently low so as to avoid dielectric heat- 
ing, the frequency may be raised to as high as 1 mc without 
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Fig. 15—Discharge inception voltage as a function of depth 
of void for various values of §'/e mil. (See Fig. 28 of Ref. 16.) 
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obtaining appreciable general heating of the dielectric by 
the discharges. It has been found that the rate of damage 
due to discharges is accelerated proportionally to the in- 
crease in frequency. This is not unexpected when one notes 
that, according to the model of Fig. 14(a), the total charge 
transferred by discharges per half cycle is a function only 
of the difference between the peak applied voltage and the 
voltage at which discharges are initiated. Thus, the total 
charge transferred per unit time should be proportional to 
the frequency of the applied voltage. 

Discharges occurring at surfaces may lead to an im- 
portant phenomenon often referred to as high-voltage 
creepage. This may occur when relatively high stresses are 
present which are tangential to the surface of the dielec- 
tric—as, for example, when two sharp-edged electrodes are 
placed on a sheet of insulating material. If the voltage 
applied is insufficient to cause immediate breakdown, but 
high enough to cause discharges at the sharp edges of the 
electrodes, gradual degradation of the dielectric in the 
region of the discharges may occur. These regions may 
become somewhat conducting owing to carbonization or 
to oxidation followed by uptake of moisture. Such con- 
ducting areas may thus ultimately constitute extensions 
of the electrodes and the discharges will “creep” over the 
dielectric surfaces. Eventually, the conducting areas may 
meet and the system will fail by a power arc. Even though 
a system is initially free of discharges, contamination of 
the surfaces with dust and moisture may often cause local 
high gradients and concomitant discharges, leading even- 
tually to creepage and failure. As will be evident, a quan- 
titative treatment of creepage phenomena is exceedingly 
difficult, although a qualitative understanding is not. 

2.2.6 Interim Mechanisms of Failure. Certain “interim 
mechanisms” often precede and make possible the failure 
of a solid specimen by thermal, discharge, or intrinsic 
breakdown. Several of these interim mechanisms will be 
discussed here. 

A recently developed theory involving electromechanical 
breakdown has been successfully applied in predicting the 
electric strength of some polymers as a function of tem- 
perature. The criterion for breakdown, according to this 
theory, is readily derived as follows: consider a slab of 
dielectric of initial thickness d, and dielectric constant ¢’ 
which is exposed to an electric field E. It will be com- 
pressed by an electrostatic force «’E*/82 dynes per sq cm, 
which is of the order E*atm/sq cm when E is in mega- 
volts/em. This force will be opposed by a force equal 
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Fig. 16—Observed and calculated electric strength according 


to the electromechanical theory of breakdown. (See Fig. 2 
of Ref. 16.) 
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to Y In(d,/d), where Y is Young’s modulus for the ma- 
terial and d is the final and equilibrium thickness under 
electric stress. Therefore, at equilibrium, 


e | . 

8x ( d ) 
Now the compressive force increases with 1/d, while the 
opposing force increases only as In(d,/d). As a result, at 
voltages where d > 0.6 d,, the Young’s modulus force can 
balance the electrical force; however, at d < 0.6 d,, this 
balance can no longer be maintained and a state of 
mechanical instability is reached, at which time the ma- 
terial will collapse. Prior to this mechanical catastrophe, 
an intrinsic electrical failure may occur as described, for 
example, by the Frohlich high-temperature theory. Of 
course, in this case the strength at failure must be com- 
puted as V/d, taking into account the reduced thickness 
under electrical compression. This true strength, E,, will 
be higher than the apparent strength, E,, by the factor 
d,/d. If mechanical collapse occurs before the intrinsic 
strength has been attained, we calculate the strength by 
solving the above equation for E when d = 0.6 S.* be, 


Ek, = ( iv} ) x 300 volts/em (6) 


Y In(d)/d) 


Young’s modulus has been evaluated for a number of 
polymers as a function of temperature and the observed 
electric strengths for polyisobutylene and polythene are 
compared in Fig. 16 with those calculated from Eq (6). 
The theoretical results with no adjustable constant agree 
remarkably well with experiment, including the case where 
the polymer is stiffened by irradiation. Other polymers, 
such as polystyrene and polymethylmethacrylate, have a 
high mechanical strength throughout the temperature range 
—120 to 80 C, and yet these polymers show the sharp drops 
in strength in this region just as polythene and polyiso- 
butylene (cf Sec. 2.1.3). Hence, the theory fails when 
applied to these polymers. It is worth noting that electro- 
mechanical breakdown cannot be eliminated by the use of 
a stiff electrode assembly, for the charges giving rise to the 
force will still be resident on the surfaces of the sample. 

Another type of interim process which may lead to 
breakdown (usually thermal) is due to electrochemical de- 
terioration. This process has been shown to be of im- 
portance in the failure of capacitors and cables. Weakly 
dissociated impurities in the impregnant (such as water, 
asphalt, or resin) give rise to d-c leakage currents to form 
decomposition products by electrode reactions. One of the 
most likely of these products is nascent hydrogen, which 
may react with the impregnant to give strongly dissociated 
compounds. Examples of the latter would be HCI in chlor- 
ine-substituted impregnants, or organic acids in an epoxy 
resin system. Such processes are auto-catalytic; i.e., more 
and more conducting ions are formed until a thermal run- 
away condition is produced. Increased temperature aggra- 
vates the situation in that it causes more dissociation. 
Increased voltages cause more leakage current to generate 
more nascent hydrogen as well as to give rise to more heat, 
which raises the temperature. 

While this kind of deterioration is more common in d-c 
systems, it may occur on alternating current to a lesser 
extent. However, in order for the process to occur on 
alternating current, it is necessary to obtain rectification 
action from an asymmetrical electrode system. For 
example, with a point-to-plane system, unequal amounts 
of polarization might occur at the two electrodes, resulting 
in unequal diffusion rates which would lead to rectification 
action. Thus, electrochemical deterioration might be ex- 
pected, and has been observed, in cables and at electrode 
edges in capacitors even when they are used on alternating 
current. 
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3. Breakdown in Liquids 


3.1 Experimental Results 


The search for reproducible values to assign as break- 
down strengths of liquids has been a long and tedious 
one. However, with increased attention given to sample 
purity, both chemical and physical, electrode preparation, 
and the use of microsecond pulse techniques, the values 
obtained by different investigators are now in fair agree- 
ment. It is still necessary to specify the electrode con- 
figuration and composition as well as the stress duration, 
and so it is not possible to speak of an intrinsic electric 
strength of a liquid as defined in Sec. 1. 

The role of imperfections has become increasingly 
evident. For example, asperities or points on the cathode 
and suspended particles migrating to high stress regions of 
the gap may enhance the applied field to cause breakdown. 
Also, electrochemical processes, such as electrolysis of 
water or dissociation of the liquid by electron bombard- 
ment, may generate low-strength bubbles which lead to 
breakdown. Both imperfections and electrochemical de- 
terioration are commonly operative in the breakdown of 
commercial liquids, though suspended particles often cause 
low breakdown voltages in otherwise highly purified liquids. 

Practically all the existing fundamental breakdown 
studies have been concerned with the measurement of the 
sparking voltage as it depends upon a particular variable. 
We shall try to present here only those experimental find- 
ings of importance in developing theories of breakdown. 

3.1.1. Prebreakdown Currents. The measurement of 
prebreakdown currents as a function of applied fields has 
been undertaken to study electrode emission processes as 
well as to look for the presence of an a-process in the body 
of the liquid. Until recently, these measurements were 
made with d-c stresses and suffered from troublesome 
polarization and chemical effects such as deposits of 
polymer on the electrodes. Also, erratic currents at elevated 
fields necessarily restricted most of the early observations 
to fields less than about 25 per cent of breakdown value. 

As was shown in Article I, Sec. 1.1, the current which 
flows in a uniform-field gap when multiplication occurs is 
i = i,(0)e**, where i,(0) is the initiatory electron current 
at the cathode. With gases, the rapidly increasing current 
with increasing field could be ascribed to the fact that a 
increased with field since i,(0) was relatively insensitive to 
field except near breakdown. This is not true, however, 
of liquids whose breakdown fields are close to 1 mega- 
volt/em (30 times higher than for gases). At these high 
fields, field-enhanced thermionic and cold emission furnish 
the initiatory electron current i,(0), and these processes are 
strongly dependent upon field. A strongly field-dependent 
current in liquids cannot necessarily be interpreted as 
evidence for multiplication, and the only satisfactory 
method for detecting an a-process is to measure i at 
several electrode spacings, 5, under conditions of constant 
E. Flat electrodes are to be preferred over spherical elec- 
trodes in order to maintain a constant emitting surface. 

The use of pulsed voltages has minimized the troubles 
encountered with direct current, and readily permits the 
measurement of pre-breakdown currents at fields near 
breakdown. Furthermore, pulse breakdown values for 
liquids are of the order of 50 per cent higher than d-c 
values, and hence provide the best opportunity for de- 
tecting an a-process, if it should exist. The results of one 
search for collisional ionization in hexane are shown in 
Fig. 17, where the observed currents are plotted against 
applied pulse voltage at several gap widths. The constant- 
field lines are sketched in as dashed lines and their zero 
slopes indicate the absence of an a-process. Using d-c 
stresses, the evidence to date for the existence of a is 
somewhat conflicting. However, the extensive results in 
Fig. 17 using pulse voltages indicate that electron multi- 
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plication is unimportant up to at least 90 per cent of the 
breakdown field. It would therefore require an extraordi- 
narily strong dependence of a upon field to allow break- 
down in liquids to occur via a collisional ionization process, 
as proposed by Seitz in connection with solid breakdown. 

Impulse prebreakdown currents have been observed to 
be orders of magnitude higher than those with direct cur- 
rent under comparable conditions. Specifically, the results 
in Fig. 17 at the highest fields show the existence of very 
large current densities (10 ma/sq cm). From an analysis 
of these and other measurements, it may be further con- 
cluded that the active emitting area is as much as a 
thousand times smaller than the bulk area of the cathode; 
hence, the local current density may be extremely large. 

It is generally agreed that the exponential rise in pre- 
breakdown conduction current involves the emission of 
electrons from the cathode either by cold emission or field- 
enhanced thermionic emission (cf Article I, Sec. 5.3). In 
addition to these electrode processes, which cause charge 
to be injected into the body of the liquid, charge carriers 
may also be generated in the liquid itself by field-dissocia- 
tion either of impurities or the liquid molecules themselves. 
This effect arises because the equilibrium constant for an 
undissociated molecule and its ions will increase with in- 
creasing field. Although the latter effect is probably of 
importance in increasing the conduction due to ionic im- 
purities at low fields (< 0.1 megavolt/cm), it is generally 
agreed that at breakdown fields (0.1 to 1 megavolt/cm) 
cold or field-enhanced thermionic emission electrode proc- 
esses are much more important than the field-dissociation 
effect. 

3.1.2 Time Effects. When the breakdown strength of a 
liquid is measured as a function of pulse length, the 
strength is practically independent of the applied pulse 
lengths for rectangular pulses longer than a certain critical 
time, r,. For pulse lengths less than 7,, the measured break- 
down strength rises rapidly as shown in Fig. 18. The d-c 
values of electric strength of a given liquid are about * the 
long-time value measured with rectangular pulses. The 
value of 7, increases with increasing gap width and is of 
the order of 1 microsec for 50 » (2 mil) gaps. The existence 
of a critical time has been verified for highly purified 
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Fig. 17—Current-voltage dependence for hexane at various 
gap widths. (See Fig. 10 of Ref. 3.) 
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F.g. 18—Breakdown strength of liquids as a function of ap- 
plied pulse length. (See Fig. 11 of Ref. 12.) 
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Fig. 19—Electric strengths of three homologous series of 
liquids as a function of density. Legend: @, n-alkanes; G, 
singly-branched alkanes; +, doubly-branched alkanes; §, triple- 
branched; A, dimethyl siloxanes; °, n-alkyl benzenes; 9 , 
branched alkyl benzenes. (See Fig. 16 of Ref. 12.) 


hydrocarbon liquids as well as commercial oils. Its value 
is primarily independent of molecular structure for a given 
homologous series, and does not change with increasing 
applied hydrostatic pressure up to 25 atm. 

Impulse breakdown strengths are normally measured by 
the successive application of a number of single pulses of 
short (microseconds) duration whose amplitudes are grad- 
ually increased. In this manner, the breakdown experiments 
were conducted which lead to the curve sketched in Fig. 
18. These results suggest that only the formative time lag 
is involved and that there is no statistical time lag in these 
experiments (cf Article I, Sec. 4). If, instead of the multiple 
pulse technique, a single pulse of relatively long duration 
(milliseconds) is applied, different time lags are observed 
and there is an indication of a statistical time lag. The 
matter needs clarification. 

3.1.3 Dependence upon Molecular Structure. In Fig. 
19, the electric strengths of members of three different 
homologous series of liquids are presented: the alkanes, the 
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alkylbenzenes, and the dimethyl siloxanes. The strengths 
are plotted against bulk density, which increases regularly 
for the siloxanes and the alkanes but is constant for the 
alkyl benzenes. It is clear that density alone is not the con- 
trolling factor because of the large variation in the electric 
strength of the alkyl benzenes. Branching of the hydro- 
carbon molecules leads to a lowering of the electric 
strength. The d-c strengths for the alkanes are seen to be 
about two-thirds of the values measured with pulse voltages. 
These data illustrate that it is relatively easy to obtain a 
relation between the breakdown strength and some physical 
property such as density or viscosity, but that it is much 
more difficult to ascertain what is the significant process 
which gives rise to this relationship. 

3.1.4 Electrode Effects. A conditioning effect in which 
the breakdown strength increases continuously with the 
first few breakdowns is often observed in liquid studies. Of 
course, if an excessive number of breakdowns are made on 
the same liquid sample without limiting the breakdown 
current, the strength will eventually decrease due to the 
formation of decomposition products. Sometimes, fresh 
liquid and electrodes are used for each breakdown in an 
effort to avoid these effects. Each successive spark during 
the conditioning period seems to remove the most promi- 
nent point or asperity on the electrode, and each break- 
down occurs at a new spot on the electrode, avoiding the 
breakdown craters produced earlier. 

If there is a distribution in the sizes of the asperities on 
the electrode surface and the most prominent of these 
initiates breakdown, then an increase in the area of the 
electrodes will lead to a greater probability of breakdown. 
This gives rise to an area effect, which has been studied 
extensively in commercial liquids and (to a lesser extent) 
in purified hydrocarbons. As a consequence of the area 
effect, the breakdown strengths observed with flat elec- 
trodes having different areas but at a constant gap decrease 
approximately with the logarithm of the area. A few in- 
vestigators have reported a correlation between liquid 
breakdown strength and the work function of the electrode 
material. Since the strengths are in the range where field 
emission is important, such a dependence is not unexpected. 
More often, investigators have failed to observe anv corre- 
lation with vacuum work function of metal electrodes, and 
it is generally agreed that the electrodes are not likely to 
exhibit vacuum work functions because of surface lavers 
arising from oxidation and adsorption of hydrocarbon films. 

In certain special studies where aqueous electrolyte solu- 
tions have been used as electrodes, the amount of emission 
has been controlled by changing the strength of the 
solution. In this case, good correlation with theory is found. 

When flat electrodes are used, the electric strength of 
hydrocarbon liquids and carefully filtered insulating oils 
is nearly independent of the spacing of the electrodes. 
Thus, the effect of the volume of liquid under stress is 
small, if it exists at all. This dependence has been studied 
over a large range of spacings, ranging from a few mils to 
about %4 in. However, insulating oils that contain sus- 
pended particles larger than about 0.1 mil average diam will 
show a volume effect—i.e., E,, will decrease with increasing 
5. Unless a special filtration procedure is employed, all 
liquid samples will contain such particles. 

More often, breakdown studies are made with spherical 
electrodes rather than flat electrodes. In this case, a strong 
dependence upon electrode spacing is normally observed, 
especially in the small-gap range 0.2 to 5 mils. For this 
geometry, the area under high stress is proportional to the 
product of the radius times the spacing, and it has been 
shown that such a dependence on 6 is primarily an elec- 
trode area effect as described above. Before the importance 
of this effect was recognized, this gap dependence was 
erroneously cited as evidence for collisional ionization in 
liquids. 
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3.1.5 Effect of Pressure. The density increase of a 
liquid due to normal applied hydrostatic pressures is so 
small that no change in electric strength arising from it 
would be exvected. However, depending on the experi- 
mental conditions, the observed breakdown strengths 
usually exhibit, to a greater or lesser extent, some kind of 
dependence on pressure. For example, the results may 
depend uvon the gas content of the liquid, the amount of 
gas adsorbed on the electrodes, or the state of eauilibration 
of the liauid with the gas above it in the cell. The nature 
of the dissolved gas may also effect the strength; it has been 
shown that dissolved air (oxvgen) will raise the strength of 
hydrocarbon liquids as well as transformer oil. 

One interesting studv has been made on a number of 
carefully degassed liquids using short rectangular voltage 
pulses. Under these conditions, it might have been expected 
that there would be no pressure dependence. The liquids 
studied included polar as well as non-polar insulators. All 
exhibited a marked increase in strength with increase of 
pressure. This dependence upon pressure was observed 
with pulsed voltages of 1 usec to 1 millisec duration. 

3.1.6 Fffect of Temperature. A dependence of the 
electric strength upon temperature has been observed in 
liquids for both d-c and pulsed voltages. There is a rather 
slow change centered around room temverature, terminat- 
ing in a rapid decrease near the boiling point. Below room 
temperature, a considerable rise in strength occurs. The 
effect is not one of density alone, for the results show the 
same general character after a correction has been made 
for the density change. A temperature dependence is com- 
plicated by possible changes in cathode emission, gas 
content and viscosity. The final drop near the boiling point 
is connected with bubble formation. 


3.2 Theories of Breakdown in Liquids 


3.2.1. Electronic Mechanisms. As we have seen, present 
evidence suggests that collisional ionization is not an im- 
portant process up to fields approaching rather closely 
those required for breakdown. Consequently, a criterion 
for breakdown such as the attainment of a critical ava- 
lanche size, as was proposed for solids by Seitz, would not 
be expected to apply to liquids. However, collisional ioni- 
zation mechanisms such as those proposed by von Hippel 
and Frohlich (Sec. 2.2.3) must still be considered since they 
do not require an appreciable @ contribution at fields below 
breakdown. Indeed, von Hippel developed his original 
picture for condensed phases, and considered it to be 
basically similar for liquids and solids. 

Because of our present inadequate knowledge of the 
liquid state, a detailed understanding of the energy-loss 
mechanisms of electrons in liquids is not available. Cer- 
tainly, the lack of a lattice structure such as exists in solids 
must greatly modify the picture. Some success has been 
attained with the von Hippel mechanism by assuming that 
the energy loss is largely through excitation of intramole- 
cular vibrations, rather than by the intermolecular vibra- 
tions of the lattice in solids. On the basis of this assumption, 
the electric strength of liquids should be closely connected 
to the structure of individual molecules, and as we shall 
see, simple correlations do, in fact, exist. 

In its simplest (and earliest) form, the von Hippel 
energy-balance criterion just at breakdown may be written 


Eex = khuo 


The left-hand side is the energy gained by an electron from 
the field between collisions—that is, in traveling a distance 
. If hv, is the minimum energy required for excitation of 
the first vibrational level and k is a factor somewhat larger 
than unity (taking into account the fact that several levels 
may be involved), then the right-hand side represents the 
energy lost by an electron on collision. In the application 
of this theory to liquid alkanes, v, is associated with the 
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vibrational modes of the carbon-hydrogen bonds. From 
infrared absorption measurements, v, is in the neighbor- 
hood of 10'* sec"! (a wavelength of ~3 microns). As we 
have seen (Article I, Sec. 1.1), the mean free path, A, may 
be related to a molecular cross section, 0, by 


r 
Va 


where N is the number of molecules per cubic centimeter. 
We assume further that the total cross-section for excita- 
tion of vibrations may be split up into the sum of cross- 
sections for the carbon-hydrogen bonds associated with the 
different groups present; i.e., CH,, CH., and CH. Thus, 


E=KN » 1.0: 


where n; represents the number of type-i groups present 
whose cross section is 6;. In the normal alkanes, only CH,, 
and CH, groups are present, so that a plot of EN + ng. 
against Moy, * No.1 Should give a straight line with an in- 
tercept of Kn,.,;, and a slope of K@,,;,. Such is indeed found 
to be true, as shown in Fig. 20, where data are given for 
both d-c and microsecond pulse applied voltages. The open 
circles in this figure refer to branched alkanes having one 
or more CH groups. In this plot, the cross-sections for the 
CH groups have been neglected, so that the observed 
strengths are somewhat high. A similar treatment has been 
successfully applied to a series of dimethyl siloxanes for 
which the value for @,,,;, agrees well with that obtained 
from the alkanes. Cross sections for the alkyl groups in the 
alkyl benzenes, however, are about twice as large as those 
obtained from this figure. This has been interpreted as 
being due to the polar nature of the alkyl benzenes and to 
the degree of ordering of the liquid phase. 

In the treatments given so far, we have assumed that the 
field everywhere in the gap at breakdown is essentially 
equal to that applied. This is, of course, only true provided 
that the currents just prior to breakdown are sufficiently 
low that space-charge distortion of the field (Article I, 
Sec. 5.3) does not occur. As we have seen in Fig. 17, pre- 
breakdown currents in liquids may reach rather high 
values, and some attempt must be made to allow for space- 
charge distortion. If the current is largely electronic due to 
field emission from the cathode, the field at the anode will 
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Fig. 20—Test plot for liquid alkanes (see text). (See 
of Ref. 12.) 





be enhanced while that at the cathode will be reduced. 
Since field emission is strongly field-dependent, the current 
will tend to limit itself owing to the reduction in cathode 
field. At the same time, the increase in anode field may 
cause breakdown in the region near the anode; this will 
occur at a lower applied field than would be the case in 
the absence of space charge. It will be apparent, therefore, 
that if a critical field. E., is required for breakdown of 
the liquid, then the applied field necessary to cause break- 
down, E,, will depend on the work function of the cathode. 
If the work function is very high, so that little space-charge 
distortion occurs up to E,, then E, will be equal to E,, and 
essentially independent of work function over a range of 
values. On the other hand, for very-low work-function 
cathodes, the current will become space-charge-limited; E,, 
will be lower than E, and again will be independent of 
work function over a range of values. It may be shown 
theoretically that, under these conditions, E, is equal to 
* E,. These conclusions have been verified by varying the 
work function through the use of different concentrations 
of electrolyte solutions as cathodes. 

If appreciable collisional ionization does occur prior to 
breakdown, it may be necessary to consider space-charge 
distortion due to positive ions present in the gap. These 
would cause an increase in field at the cathode and reduc- 
tion of field at the anode. Since an enhancement of the 
field at the cathode will increase field emission of electrons 
which, in turn, generate more positive ions, a runaway 
process is possible. The conditions for such a runaway 
process have been worked out semi-quantitatively, and the 
value for a required has been calculated to be ~10*. Al- 
though the mechanism seems plausible, as we have seen, 
such a high value for a@ is inconsistent with recent meas- 
urements. 

3.2.2 Thermal Mechanism of Breakdown in Liquids. 
We examined in Sec. 3.2.1 the evidence for the von Hippel 
criterion for solid breakdown as applied to liquid break- 
down. While this approach is moderately successful in 
describing some experimental observations, there is one 
point upon which this theory appears to be at complete 
odds with experiment: viz., that the electric strength of a 
liquid should increase with pressure. It is not easy to see 
how a pressure change could appreciably alter the mean 
free path of an electron in a nearly incompressible liquid. 
Such a pressure dependence does, however, suggest 
strongly that there is a change of phase (formation of a 
bubble) during some step in the breakdown process. Once 
a vapor bubble has formed, breakdown would be expected 
to follow rapidly; for example, the bubble may expand 
until it reaches a critical length, or until it bridges the gap. 


Theoretica! curve 
(a=3/2) 


fretted 











Breakdown strength, megavoits/cm 


Pressure, psig 


Fig. 21—Comparison of experimental and theoretical results 
for the dependence of breakdown strength of hexane upon 
pressure. (See Fig. 30 in Ref. 3.) 
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The idea of a thermal mechanism for liquid breakdown 
in which a vapor bubble is formed was suggested at least 
thirty years ago. However, until the recent observation of 
large current densities near breakdown, it was thought to 
be impossible to generate such a bubble with applied fields 
of only a few microseconds duration. A rough calculation 
of this energy may be instructive. 

We shall first estimate the expected heat input W to | 
cu cm of hexane liquid per microsecond of applied pulse. 
Breakdown field E, is about 1.6 megavolts/cm, and field 
enhancement at tips of asperities may be of the order of 5. 
The current density j,,..; in the same region of the liquid 
has been deduced in Sec. 3.1.1 to be of the order of 1 to 10 
amp/sq cm. Thus, 


Ww - E oat Jiocal 
and 
W = 20 cal/cu cm/ysec, or 40 cal/gm/ypsec (7) 


Now, the heat required, AH, to raise the temperature of 
m grams of liquid from ambient T, to the boiling point T;, 
and vaporize it is: 


AH =m [(e,(Ts — Ta) + bs) (8) 


where c,, is the average specific heat and /, is the latent heat 
of vaporization. Inserting reasonable values for hexane, 


AH = (1)[0.6(40) + 80] = 100 cal/gm 


Thus, for applied pulse lengths of several microseconds 
duration, the necessary energy input is available to cause 
the generation of a bubble at the tip of an asperity. 

In order to put this model on a quantitative basis, it is 
necessary to relate AH to the applied field. In this connec- 
tion, the current vs voltage characteristics shown in Fig. 17 
imply a very strong (about ninth power) dependence of 
energy input upon field. If this relation is used directly in 
Eq (7), poor agreement with breakdown data is obtained, 
and it is difficult at first sight to reconcile the theory with 
experimental fact. However, there are two phenomena 
which help to alleviate the difficulty. In the first place, it is 
probable that the motion of the liquid under stress may 
have to be taken into account; and second, it is possible 
that, at high fields, the current from the most strongly 
emitting points on the cathode is space-charge limited. 
Both of these phenomena would have the effect of reducing 
the field dependence of the local energy input. Specifically, 
space-charge emitted currents are known to be of the form 
I = cV*, where N is in the range 1.5 to 2. 

Thus, the local energy input has the form 


AH = AE*r 


which may be equated to the value of AH given in Eq (8) 
to give a criterion for thermal breakdown: 


AE*r = m[c,(T, — Ts) + bs] (9) 


The thermal model exhibits a marked pressure depen- 
dence of breakdown strength. As pressure on the liquid is 
increased, its boiling point 7, increases in a known fashion, 
and from Eq (9), the dependence of strength on pressure 
can be calculated. Comparing the calculated strengths with 
the experimental results at constant pulse width, it is found 
that the same basic equation can be fitted to the observed 
pressure dependence for all the liquids which have been 
examined. These include hexane, heptane, decane, benzene 
and toluene. In most cases, n = % in Eq (9) gives the best 
fit, as shown in Fig. 21 for hexane. 

The effect of ambient temperature T, on breakdown 
strength can also be fitted to the model through the use of 
Eq (9). Calculations again yield values of nm which are 
about 4. 

The thermal mechanism may also explain the depen- 
dence of breakdown strength on thermal properties since, 
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Generalizations of Breakdown 


|. Breakdown Phenomena 


Mechanisms of break- 


iown 


Time effects 
A Statistical time 


lags 


Formative time 


GAS 


Townsend mechanism satisfactory for 
threshold tn non-electronegative gases; 
Wet — 1) 1. Townsend mechanism 
may be modified to include electro- 
negative gases. Space-charge distortion 
may lead to other mechanisms -e.£., 
streamers. Field emission may occur 
at high pressures. 


Decreased by irradiation or by field 
emission when it occurs (high pres 
sures 


At very low overvoltages < 12% 

long time lags of the order of several 
ion transit times are observed, at least 
up to atmospheric pressure (10-10 
microsec); hence, Townsend mechan- 
ism adequate at small overvoltages. At 
higher overvoltages, streamers probably 
occur with consequent short time lags 


2. Variables Involved in Breakdown 


Density (proportional to 
reciprocal of mean free 
path 


Electrode spacings, 


Area effect 


Cathode composition 


Electrode application 


3. Nature of Dielectric 


Electronic breakdown 

A. Attainment of ion- 
ization energy by elec- 
trons 


B. Barriers to attain- 
ment of ionization en- 
ergy 


C. Electron 
ment (trapping 


attach- 


D. Molecular 
ture 


struc- 


Ordinary thermal break- 
iown 


Breakdown by dis- 
charges (corona 


Townsend mechanism predicts Pas 
chen’s Law; space charge deformation 
and field emission high pressures 


cause deviations from Paschen's Law 


See Paschen'’s Law above; Townsend 
mechanism predicts a decrease in E 
with increasing Ps; however, refer to 
electronegative gases below 


} 


Not observed to date; may exist when 


dependence on cathod 


there a 
composition 


May result in large changes in yy; how 
ever, this changes sparking potential 
very little, except at small Pj (1-10 mm 
Hg xX cm); at high fields (high pres 
sure ~0.3 mv/cm), field 


becomes important 


emission 
leading to a cath 
ode dependence 

Forms own immersion medium. Stress 
concentration avoided by proper con 


tours 


Required, 9-16 ev. 


Principally, electronic excitation. (Cf 
electron attachment below. 


Leads to very high strength; predicts 
lower limit of E 0 for large 6 at 
given pressure. 


Electric strength simply related to 
chain length; branching unimportant; 
multiple bonds show large effect 


Not applicable 


Occurs in non-uniform fields, where 
space charge created by local discharge 
modifies the breakdown in main gap 


LIQUID 


Definitely involves field emission; may 
involve electron avalanche formation. 
Other mechanisms may involve ther- 
mal breakdown, bubble formation, 
suspended particles, and electrochem 
ical degradation. 


None due to lack of initiatory electrons 
because of field emission. May occur 
for some other reason. 


Longest observed formative times are 
shorter than ion transit times for elec 
tronic mechanisms. For ordinary ther- 
mal breakdown, time lags are much 
longer (minutes or days) and depend 
on overvoltage, heat conduction and 
ambient temperatures. 


Cannot conveniently change mean- 
free-path by pressure change as in 
gases; however, by analogy with gases 
effects complicated by field 
emission might be expected 


similar 


Same as for gases if avalanche mechan 
ism; often confused with area affect 
suspended 
volume 


for curved electrodes. If 
matter or bubbles present, 
effect often noted 


Yes xtreme-value statistics apply; 


easily confused with volume effect 


May or may not be observed. This 
may be explained by negative spac« 
charge deformation. For thermal break 
down, heat conductivity of cathoce 


may play a role 


Similar to gases 


Required for collisional ionization the- 
ories, 9-16 ev, depending on dielec- 
tric constant. Not required for thermal 
breakdown (electronic theory 


Principally vibrational excitation (in- 
tra-molecular Cf. electron attach- 
ment below.) 


Trapping occurs at low fields and pos- 


sibly at high fields. 


related to 
decreases 


Electric strength simply 
chain length; branchirg 
strength. 


Related to electrical conductivity and 
its temperature coefficient. Also de 
pends on thermal conauctivity (note 
importance of convection). With bub- 
ble formation due to heating, break- 
down then proceeds via gap discharges. 


Usually nucleation of bubbles requires 
additional processes e.g., heating 
(above), field «enhancement at suspended 
particles, etc. Discharges in first bubble 
lead to degradation of liquid, gassing 
and gencration of more bubbles—/.e., 
a “bubble avalanche.’ 


in Gases, Liquids and Solids 


SOLID 


Electronic breakdown as exemplified 
by the Seitz, Von Hippel, and Frohlich 
theories. Other mechanisms include 
thermal breakdown, breakdown by 
associated gas discharges, electrome- 
chanical and electrochemical break- 
down 


Probably same as liquids 


Probably like liquids. With the addi 
tional possibility of fixed voids, very 
long time lags due to degradation by 


discharges (up to years) may occur 


Probably like liquids 


E» increases for mica at small thick 
nesses (10 cm Dependence on 

difficult to detect at usual larger thick 
nesses. E, varies inversely with 6 for 
thermal breakdown. E>» for long-time 
breakdown under gas discharges is a 
where €’ is the diclec 
solid. If foreign 
present, volume 


function of 6 €, 
tric constant of the 
particles or voids 
effect may be noted. 


Has been observed for thin specimens 
due to volume imperfections 


Probably like liquids; even more difh 
cult to establish because of scatter in 


results 


In absence of immersion medium, sur 
face and edge discharges lead to de 
gradation and tracking. Avoided by 
selection of proper immersion media 


Like liquids. 


Inter-molecular vibrations as in ionic 
crystals Cf electron attachment 


below 


Crystal imperfections or 
centers may lead to results similar to 
those with liquids. 


impurity 


Electric strength related to lattice 
constant and vibration frequencies for 
alkali halides. 

absence of 


Similar to liquids, with 


convection 


Even with the best impregnation, gas 
voids are usually present before volt- 
age application. Discharges in these 
lead to both physical and chemical 
deterioration, with ultimate electrical 
failure 


SS 
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within a given homologous series, the thermal properties 
c, and /, increase with chain length. If we set n = % in 
Eq (9), it is easily shown that E,°/? should be linear with 
(T, — T,). As an example, the n-alkanes show this de- 
pendence; however, the branched alkanes show some 
scatter about the straight chain results and the alkyl ben- 


zene homologs require a different value of n in Eq (9). The 
reason for these anomolies may well be in the differences 
between the conduction currents in these various liquids: 
unfortunately, hexane is the only liquid in which currents 
have been measured under pulsed conditions up to break- 
down fields. 


4. Generalizations of Breakdown in Gases, Solids, and Liquids 


The diverse phenomena characterizing breakdown of the 
three phases of matter are summarized and compared in the 
accompanying table (p 115). Wherever possible, features 


out; furthermore, differences have been noted. We have 
classified the subject in the following manner: (1) Break- 
down Phenomena (2) Variables Involved in Breakdown, 


common to breakdown in all phases have been pointed 


Glossary of Terms 

Electric strength. The breakdown voltage 
divided by the sample thickness for uni- 
form field geometries, when no particular 
attention is given toward achieving an 
intrinsic electric strength. Synonymous 
with dielectric strength and breakdown 
strength. 


Intrinsic electric strength. An _ electric 
strength more or less characteristic of 
the material, mechanisms such as thermal 
and discharge having been excluded. 


Thermal breakdown. Breakdown caused 
by decomposition or melting of the 
sample; the temperature rise results 
from the applied electric stress. 


Impulse thermal breakdown. Thermal 
breakdown with very short stress times 
when there is no appreciable heat flow 
from the sample. 


Discharge breakdown. Breakdown re- 
sulting from degradation of a material 
by gas discharges present in voids or on 
the surface. 


Electronic theories of breakdown. 

(a) Seitz theory. Breakdown is due to 
the attainment of a critical avalanche 
size which leads to a conducting path. 


combination of electrons and positive 
holes is less than the rate of collisional 


ionization. Assumes no distribution in ° 


electron energies. Sometimes called the 
“low-energy criterion.” 

(c) Frohlich low-temperature theory. 
Similar to von Hippel theory, except 
that an electron energy distribution is 
assumed. Only a few electrons on the 
high-energy tail of the distribution must 
gain the necessary critical energy. Some- 
times called the “high-energy criterion.” 

(d) Frohlich high-temperature theory. 
A thermal mechanism for breakdown in 
which electrons, rather than ions, carry 
the current. The necessary number of 
conduction electrons is produced by 
thermal excitation of electrons in im- 
purity and imperfection levels. 

(e) Zener theory. A critical current 
density is attained by internal field 
emission, or tunneling, due to the high 
applied field. 


Electromechanical breakdown. A_ me- 
chanical runaway caused by the failure 
of the mechanical restoring force to bal- 
ance the electrical compressive force. 


Electrochemical deterioration. An interim 


and (3) Nature of Dielectric. 


O09 


in conductivity and ultimate thermal 


failure. 


Polar crystals. Crystals whose lattice is 
composed of alternate positive and nega- 
tive ions. 


Non-polar crystals. Crystals in which 


each lattice point is identical. 


Relaxation time. The average time be- 
tween collisions of an electron with the 
lattice. 


Recombination. Recombination of an 
electron with a positively-charged “hole” 
to produce a stable neutral atom. 


Acoustical mode. A mode of vibration 
of the crystal lattice which does not pro- 
duce an oscillating dipole. 


Optical mode. A mode of vibration of the 
crystal lattice which leads to an oscillat- 
ing dipole. 


Asperities. Local microscopic points on 
an electrode surface at which there is 
considerable field enhancement. Leads to 
a dependence of electric strength on 
electrode area (area effect). 


For terms not listed here, see Glossary 


(b) Von Hippel theory. Breakdown oc- 
curs at fields for which the rate of re- 
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A-C Solenoid 
Application 


In a-c solenoid selection, there must be a 
proper balance between application require- 
ments and inherent solenoid characteristics. 
A procedure can be developed for selecting, 
as closely as possible, the correct solenoid 


for a specific application. 


IRVING GEBEL, Appliance Controls Manager 
Appliance and Automotive Division 

Controts COMPANY OF AMERICA 

Schiller Park, Illinois 


THE PROPER SELECTION ofan a-c solenoid to match a 
particular load requires that a number of fundamental 
characteristics be evaluated. Application conditions which 
must be considered are: 


1. power supply—voltage and frequency 

2. load requirements and duty cycle 

3. ambient temperature and rate of heat dissipation 
. other environmental conditions 

5. attachment of the load to the solenoid. 


Power Supply. The value of line voltage and fre- 
quency is highly important since solenoid pull charac- 
teristics vary approximately as the square of the voltage 
or current and inversely as the square of the frequency. 
Surveys indicate that the average line voltage in the 
home is 117 volts and a minimum of 95 volts. Therefore, 
the pull of the solenoid needs to be sufficient to meet 
this minimum-voltage requirement. 

Load Requirements and Duty Cycle. To select a 
solenoid it is necessary to know the force, stroke, tem- 
perature and time relationships. These characteristics de- 
termine the size of solenoid that is to be selected for 
proper operation. Typical force-stroke curves at 95 volts, 
60 cps for commercial-application solenoids are given in 


OCTOBER 1961 


Fig. 1.* Life requirements for commercial applications 
are for less than 100,000 cycles at full stroke and over 
100,000 cycles for shorter strokes. 

It will be noted that the pull curves are not completed 
to the ordinate. Although not shown, the curve rises 


* Measurement techniques suitable for arriving at solenoid-pull and current curves 


are described in ‘“‘Procedures for Testing A-C Solenoids,” Eracrrica, MANUFACTUR- 
inc, May 1958, p 92. 
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Fig. 1 — Solenoid force vs stroke curves for typical solenoids. 
Curves are made at 95 volts, 60 cps and 65-C coil temperature, 
Plunger weight not included. 
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rapidly from 1/16-in. stroke to the seated position of 
the plunger. This ultimate pull value is accompanied by 
objectionable chatter and therefore is not usable. The 
1/16-in. stroke point is known as the “quiet seal-pull” 
and is the maximum load that should be applied to the 
solenoid for quiet operation. Each pull curve is identified 
by the number of turns and the wire size used for that 
winding. 

At the start of solenoid operation, ambient temperature 
prevails, but the solenoid must be able to pull the load 
after being energized for a period of time. Resistance 
of the coil increases with increasing temperature and the 
current is reduced, reducing the pull. For this reason, 
a coil temperature higher than ambient was selected on 
the basis of prior experience, when pull curves were made. 
In establishing the curves, the coil is maintained at 65 
C at the beginning of the stroke. While there is a slight 
temperature increase at the end of the stroke, it is neg- 
ligible as long as the operation is completed in less than 
10 sec. 

Temperature Rise vs Time Curves. More pull in 
a given solenoid size could be obtained by using higher 
current if it were not for the temperature limitation im- 
posed by the characteristics of the insulating material. 
For a given solenoid, temperature rise is dependent upon: 
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Fig. 2— Solenoid temperature-rise vs time curves made at 120 
volts. 60 cps, 25-C ambient. Solenoid mounted on a steel plate 
6x 6x % in. 
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Fig. 3 — Off-center loads are compensated for by the embedded 
link shown. The link prevents binding of the plunger when 
the load is improperly connected. 
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1. heat dissipation due to radiation and conductivity 

2. length of time solenoid is energized and number of 
cycles in a given time period. 

For maximum heat dissipation, solenoids should be 
mounted on materials with high thermal conductivities. 
In most applications, the solenoid may be mounted on 
a steel surface which acts as a heat sink; however, there 
are instances where noise amplification caused by this 
mounting is objectionable and elastomeric mounting is 
necessary. If the solenoid is mounted on a steel surface. 
a cutout should be made in the area which lies under 
the fully extended plunger. This will prevent flux leakage 
and loss of pull. Mounting on a low-thermal-conductivity 
material can increase the temperature rise by as much 
as 20 C, requiring a change to either a higher class of 
electrical insulation or to a larger solenoid in order to 
maintain the required pull. 

Temperature rise of a solenoid can be limited by con- 
trolling the time the solenoid is energized or by limiting 
the power input. Obviously, if power input is decreased, 
pull is reduced correspondingly. The force vs stroke 
curves of Fig. 1 show this graphically. 

To establish heat-rise rates, it is necessary to establish 
uniform test conditions. For the curves shown in Fig. 2. 
these conditions were: 


1. The solenoid was mounted on a steel plate 6 x 6 x % 
in. thick and positioned with the plunger horizontal (air 
gap 0.010 in.). 

2. Assembly located in an open-top cardboard box to 
prevent stray air currents. 

3. Temperature measurements made with thermocouple 
located on top of the coil and held with a wooden wedge. 


The ideal temperature-rise relationship is a semi- 
logarithmic function: the results in Fig. 2 appear to be 
a logarithmic function, probably attributable to the 
temperature gradient from the inside to the outside of 
the coil. Manufacturer’s temperature-rise curves are essen- 
tial in making an initial selection, but it is still necessary 
to conduct a temperature test on the solenoid in the 
actual application because it is impossible to forecast 
the peculiarities of every application. 

Other Environmental Conditions. In addition to 
high ambient temperature (which causes insulation to 
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Fig. 4— Matching the total load to be operated by a solenoid 


to the most appropriate force vs stroke curve; in this case, 
Series 810 solenoid with 1200 turns of No. 28 wire. 
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Fig. 5— Series 810 solenoid with 1135 turns of No. 27 wire 
matches this total load closely. 


Fig. 6 — Series 811 solenoid pull-curve matched to load. 


age at a faster rate and to be subject to hardening and 
cracking), high humidity, detergents and dirt are not con- 
ducive to solenoid longevity. Coils which are vacuum- 
impregnated with varnish will not be affected by high 
humidity, but presence of detergents will require more 
impervious insulation, such as epoxy encapsulation. 

Connecting the Plunger to the Load. Many prob- 
lems arise when no consideration is given to the effects 
of tangential forces exerted on the solenoid plunger by 
off-center loads and rigid connections. To overcome the 
problems of improper load connection, the embedded 
linkage was developed (Fig. 3). This linkage is excellent 
since the plunger operates freely even when loads are 
slightly off center. All connections to rigid levers such 
as clutch pins, valve stems and pivots should be made 
with a flexible plunger coupling. 

For minimum wear, the solenoid should be mounted 
with the plunger in the vertical position. The alternative 
is horizontal mounting, but then the solenoid must be 
oriented to avoid wear on only one guide. 

If the lever mechanism doesn’t allow overtravel be- 
yond the plunger stroke, a spring connection must be 
provided. Otherwise, the plunger may not seat on the 
frame and chatter with overheating can result. Spring 
connections also overcome dimensional variations in the 
mechanism and solenoid mounting. They provide a self- 
adjusting linkage which experience has shown is more 
satisfactory than relying on solenoid-mounting adjust- 
ments to compensate for small variations. A spring load 
or combined spring load and constant load is desirable 
since such a load can be designed to match the pull curve 
closely. 

The shorter the solenoid stroke, the longer the life of 
the solenoid will be. The short stroke also reduces impact 
noise. 

If the load is light, the plunger may not release due to 
the effects of residual magnetism. Either a spring load 
at the end of the stroke or use of silicon-steel laminations 
will avoid this problem. 
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Solenoid Selection. To illustrate the points which 
have been discussed, several examples of solenoid selec- 
tion for various loads will be helpful. 


e Exampte I: 

A constant load of 1% lb is to be actuated over a distance 
of 1 in. in an ambient of 25 C. The solenoid is mounted on 
steel and rated for continuous duty. 

From the force-stroke curves of Fig. 1, it is seen that 
Series 810 solenoid with 1200 turns of No. 28 AWG wire 
will provide this pull and stroke. A spring load is advisable 
to prevent excessive impact. The resulting total load shown 
in Fig. 4 matches the pull curve closely. A further advantage 
of the spring load is that it provides additional load to 
overcome residual force. The temperature rise for this 
solenoid winding is below 65 C (1200/#28 in Fig. 2), so 
Class A insulation is acceptable for continuous duty. 


e Exampte II: 


If the solenoid is mounted vertically with the plunger 
up, it is necessary to subtract the weight of the plunger in 
order to obtain the total load. The weight of the plunger 
is added if the solenoid is mounted plunger-down. 

Figure 5 shows such a solenoid with a spring load. The 
stroke necessary is 34 in., and mounting is on a steel plate 
in 40-C ambient. Series 810 solenoid with 1135 turns of No. 
27 wire has a pull curve (Fig. 1) which comes closest to 
matching the total load. From Fig. 2, the temperature-rise 
curve for this winding is approximately 65 C; therefore, 
Class B insulation is suitable for the 40-C ambient. 


e Exampte III: 


Where motion is limited, it may be necessary to operate 
the spring loads in tandem as in Fig. 6. Here, the two spring 
loads give the total load indicated for a l-in. stroke. The 
pull curve which matches this total load is that for the 
Series 811 solenoid (Fig. 1) with a winding of 650 turns 
of No. 25 wire. The anti-residual springs are removed to 
provide a quiet seal-pull of 15 lb. Plunger weight is not 
considered since the solenoid is mounted in a horizontal 
position. 

As indicated in the sketch in Fig. 6, this solenoid will 


(Continued on page 129) 
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Shading Coils Energized 


for Motor Control 


Relay operation of any small reversing 
motor can be used for control of a reversing 
drive, but will result in discontinuous or 
“step” action. The shading coil principle 
of small-motor operation may be adapted to 
continuous reversing control and drive by 
the use of multi-turn shading coils energized 


by a suitable control circuit. 


CASPER KASPARIAN 
Tue Strrone Etectric Corporation 
Toledo, Ohio 


The Shaded-Pole Motor. Fundamental to the opera- 
tion of induction motors of all types is the rotation of the 
field. In polyphase motors, this rotation is inherent be- 
cause of the sequence of successive activations of the 
phase windings; in single-phase motors, the field rota- 
tion must be accomplished by any of various phase-split- 
ting devices. A capacitor in series with one of two motor 
windings, and the use of two motor windings having 
different inductance-to-resistance ratios are common meth- 
ods of phase-splitting to achieve field rotation for single- 
phase motor operation; but for low cost and self-con- 
tained compactness, the shaded-pole principle offers many 
advantages. 

The conventional unidirectional shaded-pole motor 
achieves field rotation by having a relatively heavy 
short-circuited single-turn “winding” around a part of 
each pole, which causes a deflection or shift of the mag- 
netic field during each cycle of electrical energization. 
The angle of deflection is small, but is sufficient to pro- 
duce the effect of a rotating field, with resulting motor 
torque and rotation. 

In the shaded-pole motor, connecting the main field 
winding to an a-c source will produce short-circuit cur- 
rents in the shading coils. The induced current opposes 
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the flux creating the current, and the net flux will there- 
fore concentrate in the unshaded part of the pole or 
core during the first part of the energizing current wave, 
Fig. 1. As the exciting current wave reaches its maximum, 
its rate of change goes to zero, as does the induced 
current in the shading coil; the effective center of the 
field flux moves to the center of the pole. On the down- 
slope of the current wave, flux is again produced in the 
shaded portion of the pole by the current induced in the 
shading coil, this flux opposing change in the main core 
flux so that the field center shifts toward the shaded- 
pole area. This shifting of the flux center across the pole 
face is, in effect, a rotating field, and produces motor 
rotation in the same direction as that of the moving-field 
center. 

Reversible Motor. It is evident that the rotation of a 
shaded-pole motor is fixed by the position of the shaded 
portion of the pole relative to that of the unshaded por- 
tion, and that reversibility cannot be accomplished with 
fixed short-circuited windings for the shading action. 
Reversing can be achieved, however, if the poles are 
equipped with two sets of multiple-turn shading coils 
which can be short-circuited selectively by external 





Fig. 1— Shifting of magnetic field axis across pole from un- 
shaded to shaded portions in a conventional unidirectional 
shaded-pole motor. The broken-line segments of the excitation 
current curves are the periods during which the magnetic field 
centers assume the positions shown as A, B and C. 
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switching, Fig. 2. Thus, if one pair of diametrically op- 
posite shading windings is short circuited (Fig. 3), rota- 
tion in one direction will result, and reversing will result 
from opening the circuit of that pair and short-circuiting 
the other. 

Continuous Control. If, instead of simply short- 
circuiting the shading-coils, the coils are energized from 
external circuit sources, continuous torque and speed con- 
trol in addition to reversing can be accomplished. The cir- 
cuit of Fig. 4 shows a motor with two pairs of wound 
shading coils connected in a pseudo-bridge arrangement. 
in which currents flow in the shading coils at all times. 
For zero motor rotation, the field center is fixed across 
motor pole centers. When the geometric center of the 
field is shifted to either side by suitably energizing the 
shading coils, motor rotation results in a direction de- 
pending on which side of the circuit has become unbal- 
anced, 

The system represented by the circuit in Fig. 4 pro- 
vides continuous control of forward and reverse drive 
by the motor. The particular application for which it 
was developed was the automatic striking and feeding 
of the electrodes of an a-c carbon arc. In the a-c carbon 
arc, which has many uses (such as high-intensity spot- 
lights and highly actinic light sources for photographic 
and lithographic processes), the arc is established by 
touching together two cored carbons, effecting a momen- 
tary short-circuit current. The resulting high current 
density vaporizes the electrode rare-earth cores and their 
carbon shells. The electrodes must immediately be 
separated to establish the proper gap for burning, and 
this gap must subsequently be maintained for uniformity 
of light intensity and color. A rugged and simple system 
of automatic feed and control of the carbons is provided 
by the reversible shading-coil motor arrangement. 

In the circuit, e, is provided by a power transformer, 
since the carbon-arc voltage is 25 volts, 42 amp in the 
particular application. Coils L, and L, are current and 
voltage sensing, respectively. These and the secondaries 
L, and L, are wound on grain-oriented tape-wound cores. 


Main windina 


Main winding Shading coils 


AAMT! AQ 


Fig. 2 — Shifting of magnetic field axis in a reversible shaded- 
pole motor. With neither shading coil short-circuited (left), 
the geometric center of total flux is at the pole center and there 
is no motor rotation, whereas short-circuiting one coil or the 
other produces CW rotation (center) and CCW rotation (right). 


The reversible shaded-pole motor is represented by the 
main field winding L,; and the shading coils L,; and Lg. 
The resistors are for limiting and equalizing the various 
currents. Shading coil L; in effect produces separation 
of the carbons, whereas L, produces feeding together. 

In the arc-lamp electrode-drive application, there are 
three conditions affecting the control currents i, and ip. 
First, there is the instant when the power is first applied; 
the arc current is zero just prior to the moment of con- 
tact. During this interval, the carbons are being run to- 
gether. Second, there is the instant of touching, when the 
current is high. The third condition exists when the 
carbons have been separated by a predetermined gap 
distance and are burning at the rated current, which is a 
desired steady-state period during which the carbons are 
fed together continuously to compensate for their burning 
away. The signal to drive the carbons together derives 
from change in arc current, which produces an imbalance 
in the control circuit to produce motor drive in the 
proper direction. Ooo 


Fig. 4— Control circuit for continuous reversible drive using 
shaded-pole motor. 


Fig. 3 — Physical arrangement of reversible shaded-pole motor. 
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GRAPHICAL FLUX ANALYSIS in 


M. G. LEONARD 

Section Manager, Distribution Transformer Engineering 
WESTINGHOUSE ELectric CORPORATION 

Pittsburgh, Pennsylvania 


Methods of magnetic permeance estimating, 


9 


including “field mapping,” are of particu- 


lar usefulness for magnetic structures hav- 
ing relatively large air gaps, such as rotary 
machines and electromagnets. There are 
also important applications of these methods 


to transformers, however, which are demon- WHEN PROPERLY CONSTRUCTED and interpreted, field 
. . maps can give direct solutions to problems in design and 


strated in examples given here. evaluation of magnetic, dielectric and heat-flow fields. 
Magnetic factors in transformer design to which field 
mapping is advantageous are leakage flux, iron loss in 
certain core shapes, and stray losses in transformer en- 
closure walls, which cause heating and power loss. 
In magnetic-structure analysis, there is unfortunately 
a confusing variety of systems of units employed. Essen- 
tial magnetic-material data given in one system must be 


The Technique of Field-Mapping 


As a reminder and a review for the reader, the (areas or volumes) in series and in parallel. (Note: 
cardinal principles of the skilled-estimate method this discussion and the accompanying diagram were 
of flux evaluation known as “field mapping” are adapted from the reference cited above, Electro- 
presented here, but for complete details and refine- magnetic Devices, H. C. Roters.) 

ments of the method the reader is referred to the 

various excellent texts on the subject, including 
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Transformer Design 


converted to the other. The accompanying table shows 
the electrical and magnetic units that will be used in 
this discussion, with conversion factors. 

Consider first the simple case of a uniform field be- 
tween parallel plates, Fig. 1. Assume that a value of 
magnetomotive force (mmf) is applied between the plates; 
an mmf gradient will result, and the flux density B is 
proportional to this gradient: 

l 


in 


B = K- 


The value of the factor K varies with permeability, p. 
For air, K = 3.19, and for other media, K = 3.19y. 


B = 3. 19 maxwells/sq in. (1) 
For unit length of plates, the flux “tube” has dimen- 

sions 1, w and d, where d = 1 in. The flux density on 

plate P is: 

NI] 


B =3.19- 


(2) 


and the total flux in the tube in maxwells is: 


w 


o: = BA = 3.194 (wd) = 3.19NI L 


(3) 
In Eq (3), note that w/I is the ratio of inches, width 
to length, and represents the reluctance of the tube. This 
ratio could be expressed just as well by the number of 
curvilinear squares across the tube in ratio to the number 
of such squares lengthwise; that is, as w,/l,. For the 
general case, then, in a region of permeability = yp: 


é: = 3.19NI-—-» 


i, (4) 


For Eq (4) to be valid, certain conditions are necessary: 


1. the field must be two-dimensional 
2. a depth of one inch is assumed 
3. the value of N/ used is for the number of squares, /,,. 


The value of ¢; is the flux in a tube of width w; obvi- 


ously, the total flux is obtained by multiplying this value 
by the total number of tubes, ;, in the field under study: 


(5) 


From Eq (2), the force in pounds exerted on a mag- 
netic surface with flux density B in maxwells/sq in. and 
area A», sq in. is: 


Ptotal = oN: 
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A mn 6 
1000 A (6) 


Fy, = 0.0139 

The force F, exerted in a perpendicular direction on 

a conductor on which the equipotential lines terminate 
is also dependent on field intensity: 


: Be 


10004" (7) 


F, = 0.0139 
The reluctance (or ampere-turns/maxwell) for a given 
flux tube is: 


Fig. 1 — Uniform magnetic field between parallel plates. 


Table of Electrical and Magnetic Units, 
with Conversion Factors 


Electrical Magnetic 


Current: Flux: Maxwell or “‘line’”’ 


amperes 


Flux density: 
maxwell/sq cm, or gauss 
maxwell/sq in. = 0.155 maxwell/sq cm 


Current density: 
amperes/sq in. 


EMF: 
volts 





Magnetomotive force (mmf): 
gilberts X 0.796 = ampere-turns 
ampere-turns X 1.257 = gilberts 


EMF gradient: 
volts /in. 


mmf gradient, or magnetic intensity: 
gilberts/em (or oersted) X 2.02 = amp- 
turn /in. 
amp-turn/in. X 0.495 = oersteds 





Fig. 2— Field of lifting electromagnet, considered per inch of 
depth (two-dimensional field). Assumed quantities: w, = 1, 
lL, = 4 (2 gaps), d = 1 in., N = 1000 turns, ] = 10 amp. Note 
that a single “tube” is considered to emerge from the center 


pole and to re-enter one of the side poles. 











re | 
penne 7-tubes enema i -wmeo—_P 


Fig. 4— Field of lifting electromagnet, similar to that of Fig. 2 
except circular. 


NI 
= “oO: 3.19pNIw/I 
l l 

"Sis. *e 


The permeance is the inverse of reluctance: 


P= ; 3.19y 7 max wells/amp-turn (Y) 
The inductance L in henries is defined as the flux 
linkage per unit of current for each turn of a coil: 
L=*% x 10-°N (10) 
I 
This is self inductance if the flux ¢ links only the 
turns V, but it is mutual inductance if ¢ links with a 
“secondary” coil of turns JN,. 


(J Examp .e 1: To illustrate the method of “reading off” 
the numerical values from a field, consider the simple lift- 
ing magnet, Fig. 2. From Eq (4), for a single tube and con- 
sidering only the flux pattern shown in bold lines, 

: Wp 
¢: = 3.19 I u(NI) 
3.19 X 1/4 K 1 XK 10,000 = 7970 maxwells 
total = o: X (no. of tubes) = 7970 X 8 = 61,360 maxwells 


From Eq (3), B = ¢/A: 


Pvotal - 63,800 


B on center pole = .— 
ee A of center pole 1 


= 63,800 maxwells/sq in. 


From Eq (6): 


F on center pole 0139-2 _ 4 
—— ve a 
(63 ,800)? 


.0139 X 1000 


X 1 = 52.6 lb 


From Eq (10): 


co No -8 
L= I xX 10 


= OOO NES 200) xX 10-8 = 0.064 henry 


From Eq (9): 


P = 3.1947" 


3.19 X 1 X 1/4 = 0.797 (for one tube) 
Protai = 0.797 X 8 = 6.4 maxwells/amp-turn 


It must be remembered that all these values relate only 
to the field shown, and for a depth of 1 in. only. 


Three-Dimensional Fields. The principles of three- 
dimensional field mapping are the same as those for 
two-dimensional, except that the “curvilinear squares” 
become “curvilinear rectangles,” with a ratio of l/w 
adjusted for constant reluctance. 

Consider the field of Fig. 3 for a straight cylinder 
near a plane. The flux lines, as indicated in the top view. 
will be radial. If we choose a distance R and decide that 
at this distance from the center line we will plot //w = 
1/1 in the elevation view (that is, “squares” at this dis- 
tance), then the rectangle dimensions at all other dis- 
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tances will be fixed. At distance 2R, for instance, the 
depth d becomes 2d, and the ratio 1/w must be 2/1. In 
this way, we can assign ratios for any point in the plane. 
A field can then be drawn in which the curvilinear rec- 
tangles approach this ratio over the entire area. 

To read the data from such a field, we observe first 
that the flux density is proportional to ampere-turns 
gradient, as noted previously. For a region of permea- 
bility », the general form of Eq (2) is: 


i = 3. 1 


The flux per tube, however, is determined by an area 
A equal to the circumference of the tube, W, at the line 


where //w = 1/1: 
dg: BA = 3.19 . (2rRw) 


w 


6. 38un(NDR- (1) 


This flux is the same for each tube as long as it follows 
the prescribed pattern of rectangles. However, as we ap- 
proach the center line, the value of //w approaches zero, 
and plotting becomes impracticable. Mapping can be 
terminated at this point, and the center tube or “core” 
can be computed separately: 


area = rr? (r = average radius) 
length = |. (i. = average length) 


dente tt. 14 NI (12) 


If the field has more than one air gap in series, then 
the problem becomes more complicated, because the total 
flux crossing each gap must be equal throughout. An 
example is the structure of Fig. 2, redrawn as a circular 
magnet. Fig. 4. Note that a preliminary estimate of re- 
luctance of the two paths is helpful in estimating the 
proportion of ampere-turns expended in each gap. 

Magnetic Field of Transformer. The magnetic 
field of a transformer is generally characterized by the 
fact that air gaps are practically negligible in absorbing 
mmf, whereas in rotating machines we can usually assume 
that the air gap absorbs all the ampere turns. 

Consider first a simple pair of long parallel wires in 
air. The field is simply a set of orthogonal circles, Fig. 
5. If now a continuous iron core is placed around these 
wires, then the mmf or ampere-turns of the coil is ap- 
plied to the air path and also to the iron path. The flux 
in the iron will rise to the point where its reluctance 
will absorb all the ampere-turns. If the section is uniform, 
and if the flux entering from the air is neglected, then 
the equipotential lines must be uniformly spaced around 
the core, Fig. 6. This will establish the termination of 
the equipotential lines through the air, and they will 
terminate on the iron, quite contrary to the case of 
rotating machines. The flux lines may also terminate on 
the iron, with an angle dependent on relative permeabili- 
ties. 

Note that although the ampere-turn gradient is of the 
same order of magnitude in the air and in the iron, the 
actual flux in the iron is enormously greater because of 
the higher permeability. For example, assume a second 
turn S as shown in Fig. 6. The leakage flux between P 
and S is: 
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= 3.194-NI 


= 3.19 X 1 X 2/8 X 1000 = 800 maxwells (13) 
(all values for 1 in. depth) 


Pleakage 


The mutual flux is the amount in the iron plus the flux 
in air, which is so small it can be neglected. Now, the 
same ampere-turns are applied to the iron core, and if 
it is divided into “squares,” we find that w is 1 and the 


length | is about 20, with » = 1500: 


w 
t 


3.19 * 1500 X 1/20 X 1000 
240,000 maxwells (14) 


= 3.19u-—=-X 1000 


Pmutual 


Maximum Flux Density. The total flux in the iron 
core of a transformer (in the preceding discussion) was 
assumed to be static—that is, produced by a d-c flow of 


Fig. 5 — Field of long parallel wires in air. This diagram (and 
Fig. 6 below) is not “squared out,” but shows the general con- 
figuration. 


Iron core 


Coil S——=O) 


(zero current) 


Fig. 6 — Field of long parallel wires with an iron core. 





current. Under this condition, the current will increase 
to a point where the 7/R drop in the coil balances the 
voltage applied, and at the same time the flux will in- 
crease to a point where the mmf H is expended in forc- 
ing flux B around the core. This point can be read from 
the magnetization curve for the material. 

For example, in Fig. 6, assume the mean length of 
path of iron is 6 in., and that J increases until NJ = 1000 
amp-turns. The value of H is then 1000/6 = 167 amp- 
turns/in. If the material is cast steel, then the value B 
= 107,000 lines/sq in. If the cross-section of the iron 
is 3 in. x 1 in., then the flux is: 


@ = 107,000 X 3/8 = 40,000 lines 


This, of course, is not the usual case in a transformer. 
Instead of the steady current producing a “balance” of 
flux vs ampere-turns, the current is alternating. This 
produces constantly changing flux, which in turn pro- 
duces reactive voltage in addition to the JR drop. Thus, 
the voltage follows the well-known fermula: 

di 


e=iR+L dt (15) 


But, from Eq (10), 


Lie ($x 10 ‘)N 


or, expressed as differential values, 
Ldi = Nd¢ X 10° 


so that, from Eq (15) and assuming L to be constant, 


Fig. 7— Change of I/w proportions of rectangles of field map 
as dielectric constant (Specific Inductive Capacity) changes. 


Equipotential 
lines 


Angle of 
incidence 
Angle of 


refraction 


Fig. 8 — Refraction of field map in passage to material of differ- 
ent dielectric constant. 


aX 10-8 (16) 


e=iR+N $ 
6 

The values of i and ¢ may follow a sine wave, but 
probably will not, because of non-linearity of the B-H 
curve. The point of this discussion is that @ is now 
determined by the rate of change of the current, and not 
by any balance on a static curve. 

This all relates to the field produced by the exciting 
current, shown diagramatically in Fig. 6. Note that the 
equipotential lines extend out through the core and close 
in the air space outside, but that the mmf gradient is 
relatively low and usually causes no problem with solid 


steel parts immediately outside the core. 


Electrostatic Fields of Transformers. The prin- 
ciples previously discussed with regard to magnetic fields 
apply, in most respects, to electrostatic fields as well. In 
several ways the situation is simpler: 


1. The flux “flows” from a high potential “source” to a 
low- (or ground-) potential “sink,” so that it is a little 
easier to visualize the flux direction and successive steps 
of voltage. By contrast, the magnetic field flux generally 
forms a closed loop. 


2. Electrodes are usually well defined, with no area where 
the voltage changes within a conductor, as the mmf changes 
within a coil. 

3. No saturation effect occurs as it does with magnetic 
flux in iron. 


4. Resistance to flow of flux (“elastance”) varies only 
moderately with common materials, whereas the reluctance 
of magnetic paths may differ by a factor of 1000 to 1 or more. 


All this makes for simplicity of analysis of the elec- 
trostatic field. The most important features to be con- 
sidered in electrostatic field mapping are: 


1. The flow pattern is a set of flow lines from high to 
low potential, and an orthogonal set of equipotential lines 
representing steps of the maximum voltage, usually in per 
cent. 


2. The field structure is built up of orthogonal squares 
if two-dimensional, or orthogonal rectangles if three-dimen- 
sional. 


3. Total flux entering a “floating” electrode must equal 
the total flux leaving it. 


4. If more than one dielectric is present, the field may 
be plotted, using the following additional variables: 


a. The shape of the curvilinear squares (or rectangles) 
in terms of //w must change in direct proportion to 
the specific inductive capacity (S.1.C. = dielectric 
constant). (See Fig. 7.) 


. The flow lines are refracted where they enter a 
new material of higher (or lower) S.1.C.; the 
amount is such that the tangents of angles of in- 
cidence are in the same ratio as the S.I.C. factors 
for the media. In practice, this merely means that 
with equal distances measured off from the point 
of intersection, the vertical distance to the tangent 
line must be inversely proportional to the S.I.C. 
of the material, Fig. 8. 

. Equipotential lines refract in inverse angular rela- 
tionship to flux lines. 


5. A combination of three dimensions and multiple dielec- 
trics can be plotted by indicating, at each point on the 
plane, the ratio of 1/w for each of the different dielectrics. 
Such a case is shown in Fig. 9. 


The reading of data from an electrostatic field map 
is again somewhat simpler than for the magnetic field: 
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N; = 5'/2 (each side 


N, = II (toto 


ZN 


BRS 
RY 
aA \ 


, per cent of total voltage difference 


2/w ratio 


Fig. 9 — Electrostatic field map for three dimensions and two 
dielectric materials. 


»— 


Fig. 10 — Electrostatic field of two parallel wires in air, wire 
diameters — % in. 


Voltage level 


e Voltage at any point in the field is read from equi- e Voltage at each equipotential line, plotted for all points, 
potential lines or by interpolation between them. Fig. 11. 

© Gradient, or rate of change of voltage with distance, ° Gradient, by SE/Al, or by slope of the curve of Fig. 11. 
is merely the ratio AE/Al, each to be read from a curvi- This is shown by He mating - the ee 
linear rectangle small enough to approximate the value © Capacitance betwor wires: 
needed for the point in question. 


. C= 0.222K-Nr 
© Capacitance: Ns 


ll 
Nr pf 0.222(1) 3 


C= 0. 222K 5 
. 0.305 pf per in. of length of wires, or 0.121 pf/cm 


This can be checked by the formula: 


for two-dimensional fields, where 


N,= total number of flux tubes 
N,= number, in series, of “squares” in above tubes 


K=S.LC. of material 


For three-dimensional fields: 


Nr pf (18) Gradient 


C = 0.222(2*R)K 
(27R) Ns = 115 per cent /in, 


where R = radius (in.) to ratio line where //w = 1/1. 
e Charge, in coulombs: 


Q=VC (19) 


1 
| 
' 
| 
' 
1 
' 
| 
| 


Gradient 


where V is in volts and C is in farads. =38 per cent/ in. 


© Dielectric flux, in “lines”: 
vy = 40 
when Q is in statcoulombs, or 


¥ = 12 X 10°rQ (20) 


Distance between wires 


' 
1 
I 
1 
1 
\ 
| 
I 


when Q is in coulombs. e vw 
Voltage level , per cent of total voltage 


(C) Exampte 2: To illustrate these principles, take the Citerenen hetunia elect 


case of two parallel wires in air, Fig. 10. This is chosen, way To te f 
first, because its field can be sketched quickly and, second, Fig. 11 — For the parallel wanes 2 Oe of Fig. 10, relation be- 
because results can be checked by referring to mathematical tween voltage gradient and distance. 
formulas. 

From the field drawn above, we read: 
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N,=6/8 
(each side) 
N,=12'74 
(total) 


t 


, per cent of total voltoge difference 


Voltage level 


Fig. 12 — Electrostatic field of the wires of Fig. 10 with barrier 
of material having S.I.C. = 2 interposed. 


1 


~ 36 X 2.37 x 10 


361 XxX 10° 


ee 
"0.187 
= 0.0117 K 10+ uf, or 0.117 pf 


e Charge, per in. of length, if 10 kv is applied: 


Q=VC 
10,000 X 0.305 XK 10-” 
0.00305 micro-coulomb 


e Dielectric flux: 


v¥ = 12 X 10°xQ 
12 X 10%*(0.00305 X 10-") 
116 X 10-* lines 
= Examp Le 3: How much is the capacitance between the 
wires of Fig. 10 changed if a barrier 1 in. thick made of 
a material of S.C. = 2 is inserted midway between them? 
The map is redrawn, Fig. 12. From it we read: 
Nr = 121/4 
8s = 
= Nr 
C = 0.222 Kx, 
12 1/4 
8 
= 0.340 pf per in. of length 
Thus, comparing with 0.305, the capacitance. is increased 
0.035 pf, or about 12 per cent. 
Note: The value of K = 1 is retained in this calculation 
because the field is drawn to show curvilinear squares in 


0.222(1) 


128 


the area where K = 1. Doubling the //w ratio where K = 2 
in itself recognizes the change of capacitance in this part. 
For further indication of this, refer to Fig. 10 and note 
that if, in this field, K were 2, then the capacitance would 
double. This could be obtained by using K = 2 in Eq (17); 
or, if the field had been plotted with //2 everywhere — 2, 
then N, would have been half as much, and as the field 
was drawn with respect to K = 1, then, in the formula 
C = 0.222K(N,/Ngs), K would be 1, and the capacitance 
would be: 


C = 0.222 < (1) X () = 0.610 pf 


which again shows double the capacitance of the field in air. 


Heat Fields in Transformers. The relationship of 
heat flow and temperature levels is among the most 
difficult of all design problems. Solutions are usually 
based on empirical formulas, and the accuracy is de- 
termined by the conformity of design conditions to the 
experimental tests on which the formulas were based. 

Graphical methods may be helpful in such problems, 
especially when the heat transfer is primarily by con- 
duction. For, in conduction flow, the transfer of heat 
follows the same laws as the other types of flow previously 
discussed. We may compare, for example: 

Magnetic flux: 


NI : 
Bemaxwells aq in.) = 3.19—— (ampere-turn gradient) 
in 


With heat flow: 


Uwatts/sq in.) = 9.0007 M (thermal gradient) (21) 

Each case applies to flow in air. The equation merely 
states the simple idea that flow rate = (constant) X 
(gradient), where the gradient in each case is the rate 
of change of “head” or “potential” with distance. This 
is not to be confused with the use of the term to mean 
difference of temperature in a transformer—as, for 
example, between average copper and average oil tem- 
peratures. Such use is dimensionally incorrect (i.e., 
degrees, instead of degrees per in.), and although it 
has commonly been used in the past, we urgently recom- 
mend that it be abandoned in the future. “Differential” 
or “difference of temperature” are more accurate. 

Equation (21) relates to flow per sq in. per in. of 
length—that is, it describes conditions for an inch cube. 
For a flux map, we convert this into curvilinear squares, 
each 1 in. deep, and each of these will carry the same 
value (0.0007 watt) of energy. Then, for the general 
case, we must multiply this by: 

C. — the coefficient of conductivity with respect to air 

w, — the number (in width) of curvilinear squares 


and 


oe where |, = number (in length) of curvilinear squares 


so that 


total = VU. 4a ae watts 
Q, 0.0007C,9 T. 


If the field is three-dimensional, then the formula is 
modified as for previous fields: 


Oretat = 0.0007(2xr)U0— watts 
1 


where r is the distance from centerline to the 1/1 ratio 
line. 000 
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fication, harmonic generation, etc., in a manner similar 
to that of varactor diodes. Power levels are much higher, 
but control rates are much lower due to the energy 
required to vary the large magnetic fields. 

The maser is another example of a system which emits 
energy at one frequency by being coupled to an elec- 
tronic spin resonance at another frequency. This type 
of quantum electronic effect is defined most readily by 
a negative Q or a negative noise temperature. Masers 
can operate at wavelengths well into the millimeter region, 
but their dynamic range is very limited due to saturation 
sensitivity. 

Recently, devices are beginning to appear which make 
use of the variation in the bulk-conductivity properties 
of semiconductor materials. Conductivity modulation in 
semiconductors is possible by direct electron injection. 
by coherent r-f and microwave energy, and by incoherent 
light in the visible and infrared regions. Phase and 
amplitude modulators have been demonstrated at 9600 
me and variable filters and coupling structures should 
also be feasible. With reverse biasing, mixing can be 
achieved, and by microwave pumping, an up-converter 
could be provided for use in the millimeter range. 


A-C Solenoid Applications (Continued from page 119) 


both pull and push the loads in a straight-line action. A 
hole is drilled in the frame and a push pin inserted to 
actuate the compression spring. 

The temperature-rise vs time curve (Fig. 2) for the 


> 


Spring 2 


,T0Q/No. 25 
at 100 volts 


6 ee 


Total lood 


4 pa +— 
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Fig. 7 — Series 811 solenoid with anti-residual springs removed. 
Solenoid 825/#26 operating at minimum of 95 volts a-c will 
be overloaded if valve jams. Solenoid 700/#25 operated at mini- 
mum of 100 volts is underloaded, but is the best compromise. 
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(Continued from page 86) 


There are also two natural resonances in semicon- 
ductors which are under study: the cyclotron frequency 
in the presence of a magnetic field and the plasma fre- 
quency in a high electric field. Both of these phenomena 
normally occur at frequencies far above the microwave 
region. It is possible, however, that these frequencies 
may be lowered in new materials or at extremely low 


temperatures to provide negative-resistance devices for 
the future. ooo 


“*saueguaeugssssesss 
Some of the principles upon which this article 
is based were discussed in the previously published 
Science & Engineering articles 


@ Low-Noise, Solid-State Microwave Amplifiers— 
October 1959 

e Microwaves—Principles and Devices—August 
1960 

@ Quantum Electronics—April 1961 


All are available in reprint form—see p 170 


650/#25 winding shows that a 3-min duty cycle will cause 
a 60-C temperature rise and Class A insulation will be 
sufficient. For a 4-min energization, the temperature rise is 
near 80 C and Class B insulation is necessary. 


e Examp te IV: 

One of the more difficult solenoid applications is in the 
two-way valve. Consider a valve with 1-in. stroke, at least 
2-lb force on valve seat, 7-min energization and in a 25-C 
ambient. Spring 1 (Fig. 7) is chosen first and should have as 
low a spring rate as possible, since the second spring must 
work against it. 

Figure 7 shows Spring 1 to give an initial 2-lb load on 
the valve seat at the start of the stroke (Spring 2 has zero 
tension). A minimum stroke of 25/32 in. will overcome the 
resistance offered by Spring 1. The remainder of the solenoid 
stroke provides a valve-seat pressure of 3 lb and meets the 
requirements. 

Solenoid Series 811 (Fig. 1), with 825 turns of No. 26 wire, 
will pull the load, except for the quiet seal-pull which is 
10 lb, while 11 lb is needed. Removing the anti-residual 
springs from the solenoid will increase its pull to slightly 
over 11 lb, and may be done because the load is great 
enough to overcome any residual force. 

From the temperature-rise vs time curve (Fig. 2), it is 
seen that this solenoid winding has a 40-C temperature rise 
in 7 min, hence Class A insulation is sufficient if the solenoid 
is mounted on a steel plate. 

If the valve jams or clogs, the lever may be blocked and 
Spring 2 will become the load. This will overload the winding 
designated 825/#26. 

As an alternative, the 100-volt pull curve of winding 
700/#25 (Fig. 6) is a compromise: it will pull the load, 
but will be underloaded and there will be slightly greater 
impact and thus reduced life. The temperature-rise curve 
of this winding indicates that Class B insulation is required 
for 7-min energization. 0900 
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Using the Silicon Controlled Rectifier for Protection 


F. W. GUTZWILLER 
Rectifier Components Dept. 
GeneraL Exectrric Co. 
Auburn, N. Y. 


Uses FOR THE silicon controlled rectifier 
(SCR) as a power modulator and con- 
trol element are growing in number 
rapidly. Another broad application 
area of the SCR has received less at- 
tention: its use as a protective element. 
Several unique characteristics of the 
SCR make it particularly attractive in 
this respect. They include: 


1. Its completely static operation makes 
it invulnerable to wear, friction and thermal 
or mechanical inertia in its function as a 
switch. The SCR can close a circuit in 10* 
cycle of commercial frequency and can 
open the circuit in 10* cycle. 


2. The SCR has the highest surge current 
capability of any type of semiconductor 
control device. Units with one-cycle surge- 
current ratings as high as 1000 amp peak 
are commercially available. 


3. The relatively high voltage ratings of 


SCR’s often permit them to be used di- 
rectly on 110- and 220-volt a-c systems 
without the need for series connections. 

4. It requires very low triggering power. 
A 3-volt charge on a 0.2-uf capacitor is 
sufficient to fire an SCR capable of deliver- 
ing 10 kw. 


This discussion considers the use of 
SCR’s as protection against overcur- 
rents and overvoltages in particular. 
The imaginative reader can readily 
visualize an extension to protective 
circuits against various undercurrent 
and undervoltage conditions simply by 
suitable redesign of the SCR firing cir- 
cuits. Similar protective circuits can 
also be initiated by exceeding or drop- 
ping below predetermined levels of 
torque, speed, temperature, power, fre- 
quency, pressure, etc., simply by use 
of appropriate transducers. 

Several general types of protective 
circuits can be built around SCR’s. 
The following types are typical, and the 
case histories have been adapted from 
actual applications. 


100 


Current 
monitoring 
resistor 


Fig. 1 — Rectifier power supply using gate blocking as protection against overloads and 


short circuits. 
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Gate Blocking. When operated in an 
a-c system, SCR’s will open a circuit 
within 14 cycle after removing the gate 
(control) signal from the SCR’s. The 
circuit is brought to rest when the 
line current goes through zero. The 
same technique has also been used suc- 
cessfully in some chopper and inverter 
circuits operating on d-c, provided the 
circuit is of a type that does not re- 
quire a load-carrying SCR to be fired 
in order to turn another SCR off. 

e Case History No. 1. A single-phase 
rectifier supply was subjected to stiff 
short circuits on its load. Because of the 
regular recurrence of these shorts, a 
static protection system was sought for 
shutting down the system whenever a 
short occurred. The choke filter limited 
the fault current for the first cycle. As 
a solution, controlled rectifiers (SCR1 
and SCR2 in Fig. 1) were substituted 
for two of the rectifier cells in the 
single-phase bridge rectifier circuit. 
Diodes CR1 and CR2 form the other 
two legs of the bridge. Under normal 
load conditions, SCR1 and SCR2 act 
as conventional rectifier cells by virtue 
of the gate current supplied through 
CR5 from the 30-volt d-c supply. (In the 
actual circuit, this d-c is supplied by 
a separate rectifier connected to the 
a-c supply.) 

The load current is monitored as a 
low voltage developed across R1. Shunt 
R2 diverts a small portion of the load 
current through tunnel diode CR6. As 
long as the shunt current through CR6 
is less than the tunnel diode’s peak 
current characteristics, less than 0.2 
volt appears across it. At this low value 
of gate voltage, SCR3 (a low-current 
controlled rectifier) remains in the 
blocking oFF state. However, if an over- 
load or fault occurs in the load, the 
voltage developed across R1 increases 
in direct proportion to the current. 
When the shunt current through tunnel 
diode CR6 reaches its peak current 
value, the tunnel diode switches to its 
high-impedance state and the voltage 
across it increases abruptly to about 
1.2 volts. This triggers SCR3, shorting 
out the gate supply to SCR1 and 
SCR2 and opening the main rectifier 
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circuit within 4% cycle. The power sup- 
ply can be returned to operation by 
momentarily depressing the reset but- 
ton. This drops out SCR3, thereby 
furnishing SCR1 and SCR2 with gate 
current once more. 

The tripping-current threshold is set 
by resistor R2, which serves to divert 
more or less of the total current from 
R1 through the tunnel diode. In normal 
operation, CR3 and CR4 serve to re- 
move gate voltage from SCR1 and 
SCR2 whenever their respective anodes 
are negative. This eliminates the pos- 
sibility of thermal runaway in the 
SCR’s. 

Electronic Crowbarring. In many ap- 
plications, 4%-cycle response of protec- 
tive systems such as the foregoing is 
not fast enough for adequate protec- 
tion. The ultimate in speed for pro- 
tection of power circuits can be 
achieved by using the SCR as a short 
circuiter (hence the term “crowbar”) 
or fault displacer. Since the SCR will 
switch on in a few microseconds, it can 
be used to protect even the most sensi- 
tive circuits because it can function 
long before current surges or high- 
energy voltage swings reach peak 
values. The SCR is useful in applica- 
tions where the fastest available fuses 
are not fast enough, or where fuses 
are not permissible because of their 
expendable nature. 

e Case History No. 2. A 10,000-volt, 
14-amp power supply fed a load that 
occasionally shorted momentarily, im- 
posing a severe fault on the high-volt- 
age rectifier. To keep the high-voltage 
rectifier as compact as possible, a 
series string of silicon low-current recti- 
fier cells was chosen for this circuit. 
However. it was found that these cells 
could not withstand the short-circuit 
condition for the length of time it took 
the main circuit breaker to function. 
Fuses could not be used because the 
installation had to be returned to 
service quickly after a fault and be- 
cause fuses had a tendency to blow 
from the inrush magnetizing current 
to the transformer when the circuit 
breaker was closed. 

To solve this problem, a high-current 
SCR was connected inside a bridge 
rectifier across the transformer primary 
winding as indicated in Fig. 2. This 
permits a single SCR to be used on 
both halves of the a-c cycle. The SCR 
is triggered by a signal from trans- 
former 71. The primary of 71 is con- 
nected in series with the main filter 
capacitor, C. When a load short occurs, 
capacitor C discharges into the fault, 
inducing a voltage in 71 that triggers 
SCR before the fault current has an 
opportunity to build up through filter 
choke Ll. With SCR fired, a direct 
short is placed across the transformer 
primary, preventing any further in- 
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Fig. 2 — Protection of high-voltage power supply , oad _ 


by “crowbarring” transformer primary. 
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Fig. 3 — Protection of regulated power supplies against overvoltage. 


crease of current in the high-voltage 
rectifier. Within two cycles, the shorted 
line is opened by tripping of the main 
breaker. Once SCR is fired, L2 serves 
to maintain anode current in SCR 
through the interval when the rectified 
a-c dips to zero each half cycle. Thus, 
a single gate pulse is sufficient to 
trigger SCR and keep its shorting ef- 
fect on the line until the main breaker 
clears. Once it is opened and the fault 
is cleared, the main breaker can be 
closed again to return the circuit to 
normal operation. 

e Case History No. 3. A power sup- 
ply furnishes regulated 12-volt d-c to 
transistors in a computer. The voltage 
regulator employs power transistors in 
series with the d-c line to regulate volt- 
age and reduce ripple. If these power 
transistors should fail (short), exces- 
sive d-c voltage may destroy a large 
portion of the transistors in the com- 
puter within a matter of microseconds. 
It is necessary to protect the load from 
this overvoltage. 

In this case, an SCR in series with 
the main circuit-breaker trip coil was 
connected across the d-c bus feeding 
the computer, as shown in Fig 3. A 
suitable overvoltage sensing circuit was 
used to trigger SCR. (For the sake 


of illustration, this triggering  cir- 
cuit is shown as a 12.5-volt Zener 
diode in Fig. 3.) When, for any rea- 
son (such as failure of a regulating 
transistor), the bus voltage swings 
above 12.5 volts, current flows to the 
gate of SCR. When this current reaches 
the triggering requirement of SCR (be- 
tween 13 and 15 volts on the bus), 
SCR fires, connecting the trip coil di- 
rectly across the d-c bus. This drops 
the bus voltage into the computer and 
trips open the main breaker. The trip 
coil and other impedance in series with 
SCR are selected to limit current to 
the surge rating of SCR. The bulk of 
this current is contributed by the dis- 
charge of filter capacitor C. 

Similar shorting circuits have been 
used across sensitive ammeters to pro- 
tect them against damage when sewre 
overloading occurs.* 

Current-Limiting Circuit Breaker. In 
many applications it is necessary that 
the protection open a circuit very 
rapidly rather than close or short it, 
as discussed in the previous section. 


* Other arrangements for protecting circuits against 
transient over-voltage are discussed in ‘Controlled 
Rectifier Manual,” Publication ECG-442, General 
Electric Co., Semiconductor Preducts Dept., Liverpool, 
N. Y. See also “‘Rectifier Voltage Transients—Causes, 
Detection, Reduction,” F. W. Gutzwiller, Exvectricar 
Manuracturinc, December 1959, p 167. 
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The SCR can perform the opening func- 
tion in about 20 microsec in d-c as well 
as a-c circuits. The SCR must be turned 
off or opened by reversing its anode 
current for at least 12 microsec. Be- 
sides accomplishing this by the natural 
reversal of voltage which occurs in a-c 
circuits, reversal can also be accom- 
plished by several much faster means, 
such as connecting a negatively charged 
capacitor across the conducting SCR, 
introducing a negative impulse to the 
anode by means of a transformer wind- 
ing, or using a series-resonant circuit. 
When SCR’s are used in these latter 
high-speed types of circuits, they are 
capable of interrupting fault current 
long before the current reaches its 
peak available value. Hence, these 
circuits are called “current-limiting 
circuit breakers.” 

e Case History No. 4. A d-c to a-c 
inverter was subject to occasional short 
circuits on its output. Since the d-c 
supply was from a battery capable of 
delivering over 1000 amp. on such a 
short circuit, a protective system was 
needed to remove the inverter from the 
battery in less than 50 microsec to 
prevent damage to the inverter com- 
ponents. The protective system also 
had to return the inverter to service 
automatically as soon as the fault con- 
dition was removed. In the solution, a 
current-limiting circuit breaker with 
automatic reclosing was developed to 


Start-stop 
om, 


+ nverter 
—— Supply ood 


battery 


Fig. 4— Current-limiting circuit breaker with automatic reclosing. 


protect the inverter (Fig. 4). The con- 
trolled rectifier, SCR1, and a small cur- 
rent-monitoring resistor, Rl, are con- 
nected in series with the inverter and 
its d-c supply. When the circuit is first 
closed by the main Start-Stop switch, 
SCR1 is in a non-conducting state. The 
full supply voltage appears at its anode 
and is applied to the unijunction tran- 
sistor firing circuit formed by Q1 and 
its associated components. After a time 
delay determined by the time constant 
of R2 and C2, Q1 triggers and fires 
SCR1, thus supplying power to the in- 
verter. 

Meanwhile, SCR2 is not conducting. 
Capacitor Cl is charged by V1 so that 
its right-hand plate is positive with re- 
spects to its left-hand plate. At normal 
current levels through SCR1, the volt- 
age drop across Rl is insufficient to 
fire SCR2. If an overload or short cir- 


A Transient-Current Solenoid Driver 


RICHARD C. GREENBLATT 
Associate Development Engineer 
Burroucus Corp. Research CENTER 
Paoli, Pennsylvania 


ELECTROMECHANICAL SYSTEMS in which 
it is necessary to energize a high-speed 
solenoid often present the circuit de- 
signer with the problem of developing 
a reliable, low-cost, transistorized driver 
with severe system specifications im- 
posed. Some of the limita'ions that may 
seriously affect the possibility of obtain- 
ing an 6ptimized design are: 

1. The relatively low maximum V., rat- 
ings of available power transistors limit the 
maximum sepetition rate. Long recovery 
times result when the high-voltage inductive 
kick at*turn-off is clamped to a value less 
than’ the V rating of the driver. 
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2. Restricted coil dimensions, high am- 
bient temperatures, a minimum ampere- 
turn requirement, and a high duty cycle 
combine to produce a severe coil-heating 
problem. 

3. Reliable operation must be provided at 
coil supply voltages varying as much as 
+50 per cent to provide for fluctuations in 
mechanical parameters such as friction, 
spring tension, aging, and wear. 

4. Minimum power consumption and coil 
heating must be provided during periods 
of sustained hold-in. 


The transient-current solenoid driver 
circuit shown in Fig. 1 provides a simple 
solution to many of these problems. The 
solenoid driver, 7,, is capacitively 
coupled to a conventional current am- 
plifier, T,. Positive base cut-off voltage 
is provided for T, by V,. Transistor 7, 
should have high gain with a power 


cuit occurs in the inverter, the current 
increases through R1 until the voltage 
developed across it fires SCR2. This 
connects the positive right-hand plate 
of Cl to the cathode of SCR1. This re- 
verse voltage on SCR1 turns it off, thus 
removing power from the inverter. As 
SCR1 starts to block the supply voltage 
once more, voltage is again applied to 
the timing circuit. After Q1 times out, 
SCR1 is again fired. If the fault still 
exists, SCR2 fires and turns off SCR1. 
This sequence continues until the fault 
condition is removed. 

This circuit operates within about 30 
microsec after a fault occurs and 
limits the peak fault current to about 
300 amp. The delay time between open- 
ing and reclosing can be varied from 
a few milliseconds (necessary for V1 
to recharge Cl) to several seconds by 
adjusting R2 or C2. 00.0 


atk 


Input pulse 


Fig. 1 — Basic circuit of transient-current 
solenoid driver. 


rating dependent on the size of the 
solenoid. The current amplifier is a 
medium- or high-gain, general-purpose 
transistor with a power rating that de- 
pends on the driving requirements of 


ELECTRO-TECHNOLOGY 





Conventional driver 


Yi 


Transient - current 


Pull-in 


Coil current —» 


Fig. 2— Comparison of coil currents for 
conventional and transient-current sole- 
noid drivers. 


T,. The coupling capacitor can be an 
electrolytic; its size and rating depend 
on the circuit requirements. 

The advantages of this circuit over 
conventional solenoid drivers are: 

1. Power losses in the coil are minimized 
during sustained hold-in operation under 
worst-case conditions. 

2. There is a large reduction of the back- 
swing so that transistor failure due to volt- 
age breakdown is no longer a serious prob- 
lem under the condition that the input 
pulse width is much longer than the maxi- 
mum pull-in time of the solenoid. 

3. After the solenoid has performed its 
functional requirement, release of the 
clapper can be made to occur before the 
termination of the input pulse, provided 
hold-in of the clapper is not a requirement. 

4. Fewer components are required if the 
backswing is greatly reduced by a relatively 
wide input pulse. 

5. The circuit will operate under wide 
variations of supply voltage and duty cycle. 

6. The collector cut-off current (J.o) of 
T, is isolated from the current amplifier by 
capacitive coupling. This allows a decrease 
in the drive requirements of T,. 


Circuit Operation. The driver, T,, 
is normally off, and 7. is normally on. 
A positive pulse applied at the input 
switches T, off. As a result, 7, is turned 
on and is driven well into saturation 
due to the high initial base current of 
T, and the inductive load. 

The exponential decay of the base 
current is designed to provide a mini- 
mum collector current equal to the 
pull-in current required at the longest 
actual pull-in time of the solenoid un- 
der the worst-circuit conditions. The 
rise of the coil current is approximately 
exponential until pull-in occurs. After 
pull-in, the coil current reaches a peak 
value and then decays exponentially as 
the coupling capacitor charges. The 
clapper releases as soon as the coil 
current drops below a minimum value 
of holding current if the input pulse 
does not end prior to that time. The 
collector voltage of 7, follows an ex- 
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Fig. 3— Transient-driver with constant-current driver added to supply a constant 


holding current. 


ponential decay after the transistor is 
out of saturation. The decay starts 
from the saturation voltage level and 
finally approaches the supply voltage 
level, V,,, provided the input pulse is 
sufficiently wide. If the input pulse 
terminates before the coil current has 
died out, a small backswing will be 
observed. The magnitude of the back- 
swing is inversely proportional to the 
pulse width. If circuit parameters devi- 
ate in a direction which tends to pro- 
duce a large collector current, the coil 
current will continue to rise for a short 
time after the clapper closes and then 
decay exponentially toward zero. 

When the input pulse terminates, the 
current amplifier is suddenly switched 
from cut-off to saturation. As a result, 
a positive voltage step is transmitted to 
the base of 7,, causing it to cut off. 
Then the positive base voltage of T, 
decays exponentially toward its steady- 
state value while 7, remains cut off. 
The capacitor discharges through R, 
and the saturation resistance of 7, in 
series. The time available for the 
capacitor to discharge is limited by 
the time interval existing between the 
minimum period of operation and the 
maximum pulse width under worst-case 
conditions. 

Figure 2 _ illustrates  coil-current 
waveforms for the conventional driver 
circuit and the transient-current circuit. 
The shaded area represents the un- 
necessary current in the conventional 
circuit which causes excessive power 
losses in the coil. The basic transient- 
current driver is applicable to cases 
that do not require holding current for 
the full duration of the input pulse. 

If it is necessary to hold the clapper 
closed for the entire width of the in- 
put pulse, the holding current can be 
supplied by adding a resistor in parallel 
with the coupling capacitor. The dis- 
advantage of this method is that the 
holding current becomes a function of 
the active d-c current gain of the driver, 


which varies widely between transistors. 
A more suitable method of supplying 
holding current is shown in Fig. 3. In 
this circuit, a constant-current driver 
(T,) has been added to the basic 
transient-current driver. The constant- 
current driver then supplies an es- 
sentially constant holding current which 
is independent of the d-c current gain 
of the transistor. 

Transistor 7, is a general purpose 
unit with a power rating that depends 
on the magnitude of the holding cur- 
rent that must be supplied to the 
solenoid and the coil supply voltage. 
Diode D, is a general-purpose unit, 
preferably with a low forward-voltage 
drop. Transistor 7, is normally off, T, 
is normally on, and 7, is held normally 
off by making the base slightly positive 
with respect to the emitter. When a 
positive pulse is applied to T., both T, 
and 7, respond in a manner identical 
to that previously described for the 
original circuit. 

As T, is turned off by a positive input 
pulse, the exponential rise of its col- 
lector voltage is transferred to the 
base of 7,. As soon as the base be- 
comes slightly negative, it is clamped 
to approximately ground potential by 
diode D,, leaving T, free to supply 
current to the solenoid coil. Transistor 
T, begins supplying current when the 
collector of 7, leaves the saturation 
region and begins to decay from the 
saturation-voltage level toward the coil 
supply voltage. Essentially, 7, is a con- 
stant-current driver because the collec- 
tor current, which is approximately 
equal to the emitter current, is equal 
to the ratio of the emitter supply 
voltage V,, to the emitter resistor R, 
as long as 7, remains in the active 
region. Hence, the circuit will provide 
a constant holding current independent 
of the current gain variations of the 
transistor as long as the base current 
is of sufficient magnitude to pull the 
base voltage below ground. Oo0°0 
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Fig. 2—Power supply with 2-sec ion 
filter. 


High-Efficiency-Choke Design 


HARVEY L. MORGAN 
Staff Engineer 

ReDev LABORATORIES 
Phoenix, Arizona 


IN ELECTRONIC SYSTEMS, one component 
in particular has been characterized by 
excessive bulk and weight, stubbornly 
resisting the miniaturization trend. The 
reason for the unpopularity of smooth- 
ing chokes in systems that must be 
light-weight is the inefficient use of 
the magnetic material in conventional 
choke design. A large cross-section of 
laminations and a large number of 
turns have been required for any sub- 
stantial value of inductance in the 
presence of a large direct-current com- 
ponent. However, practically since the 
beginning of use of smoothing chokes 
for d-c power supplies a solution has 
existed but it has not been used. 

On May 13. 1930, a U. S. patent 
(#1,758,680) was granted to H. G. 
Andre of Paris, France. The principle 
on which the pateni was based was 
that of making the choke core carry 
an alternating flux only; no significant 
d-c flux is present. 

The ordinary smoothing-choke design 
places the quiescent flux operating 
point high on the hysteresis loop. The 
flux swing about this operating point is 
small because of the large number of 
turns on the core. The d-c component 
present requires a large air gap to pre- 
vent core saturation, resulting in a low 
effective permeability. The inductance 


Andre choke 


Andre choke 


“at ti 


Fig. 1 — Full-wave rectifier power supply 
(top) and bridge rectifier power supply 
(bottom). 
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equation illustrates the problem: 


3 ON2A4 X 8 
1 = 3-2N2A X 10~ a 
l, 7 l. Mh 


where N is the number of turns, 4 is 
the cross-sectional area of the core in 
square inches, J, is gap length and /, 
mean core length in inches, and , is 
core permeability. As/, becomes larger, 
other quantities being constant, the in- 
ductance decreases. In practice, 1,/p 
becomes small compared to /,, so that 
inductance is primarily dependent on 
air gap. 

If a choke carries little or no d-c 
component, the air gap can be reduced 
to zero without saturation and the flux 
swing due to the a-c component can be- 
come so large as to be limited by core 
saturation. A large effective permea- 
bility becomes possible. The net effect 
is a dramatic reduction in core size, 
weight, and choke resistance for a 
given inductance, a-c voltage, and cur- 
rent capacity. The circuit which makes 
these advantages possible is shown in 
Fig. 1. 

The input smoothing choke of Fig. 1 
consists of a center-tapped coil on a 
magnetic core. One half conducts on 
one half-cycle, the other half on the 
other half-cycle. Flux in the core 
swings in the positive direction during 
one half-cycle and back in the negative 
direction during the other half-cycle. 
The only d-c component apparent to 
the core is due to unbalance between 
transformer halves or the rectifiers. 
Should another stage of filtering be 
required, the separation between cur- 
rent due to alternate half-cycles can be 
maintained as in Fig. 2. The principle 
is applicable to multiple-phase circuits 
as well as to single-phase. 

There is an added advantage in the 
use of this circuit. The transformer 
output at both high-voltage terminals 
is a sine wave. When a rectifier is con- 
ducting, its forward drop is ordinarily 
small, leaving most of the transformer 
output voltage to be developed across 
the choke-coil half. By transformer 
action, an equal and opposite voltage 
appears across the other choke-coil 
half. The peak inverse voltage on the 
rectifier is therefore reduced by the 
difference between the transformer 
peak voltage and the voltage across 
the input filter capacitor. Lower-rated 
rectifiers may therefore be used in this 


design, compared to conventional ci-- 
cuits. 

For an input smoothing choke, the 
design must allow for the large voltage 
swing that takes place across it. How- 
ever, a second-section choke has across 
it only a small ripple voltaze. so design 
considerations are different. A second- 
section choke can be wound on a toroid 
for maximum inductance, provided 
that the unbalance between currents 
in the two legs does not cause core 
saturation. Since a-c flux density is 
small, a core material having a high 
permeability at low flux density is pre- 
ferred. Core materials such as Hi-Mu 
80 and Supermalloy are appropriate. 
An air gap may be necessary to allow 
for d-c unbalance. 

The design of the Andre choke is 
substantially different from the design 
of conventional chokes. The designer 
must therefore go back to basic fun- 
damentals: 

The maximum flux density in a core 
is given by: 


Bm Sree (2) 

NAF X (SF) 
where B is maximum flux density in 
gauss, V is voltage across the coil, N 
is the number of turns, A is the core 
cross-sectional area in square inches, 
F is the power frequency, and (SF) 
is the stacking factor. This may be 
rewritten as: 


N _ 3.49 X 10° (3) 
V © BAF X (SF) 


The turns-per-volt is thus determined 
by the cross-sectional area. The rela- 
tion between magnetomotive force and 
current is: 


0.4xNI 
tt 34h * 
where H is magnetomotive force in 
oersteds, 7] is current, and /, is mean 
magnetic path length. Combining these 
equations, 


Hl.ABF X SF 


IV = 7375 x 0.4 X 108 


(5) 


For a specific design problem, value of 
I and V will be known. For Hipersil 
or equivalent core material, B might 
be assigned a value of 13,000 gauss, H 
about 1 oersted, and F and SF would 
be known. The remaining quantities, 
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1, and A, define the size of core re- 
quired, for no air gap. 

By introducing an air gap, the power 
rating of a given core is increased. 
With a toroidal inductor, the effective 
core length is /,/~. An inductor with 
an air gap has an effective core length 
of (1, + 1,/n). The effective core length 
is greater by the ratio: 


(i, +L. ‘p) a (ul, + a) 
le/ ow l. 


l 
=1+* © 


With an air gap, the proper form of 
the JV equation is: 

1v = HAHBF X SFQ + ulo/le) (2 

3.49 X 0.42 X 10° 

The power rating of the core thus in- 
creases linearly with air gap. If one 
set of values of /,, 1, and A satisfies 
the power requirements, then (if A is 
halved and /, doubled) the number of 
turns [from Eq (3)] must be doubled. 
From the inductance equation, Eq (1), 
it can be seen that doubling N and 
halving A tend to double the induct- 
ance; while if /, and » are appreciable, 
the change in the value of /, will have 
very little effect. Long, thin cores ap- 
pear to satisfy the requirements of this 
design problem better. 


To design a high-efficien' input 


smoothing choke, the value of JV should 
first be determined. For type “Z” ma- 
terial, a value of H = 0.45 oersted 
should be used, and 1 oersted for “H” 
material or equivalent. An air gap of 
0.001 in. is an inevitable minimum with 
C-cores, and more than 0.040 in. should 
be avoided. Assuming an air gap value, 
solve for /.A and find a core with the 
proper size. Note that J, in the mag- 
netomotive force equation [Eq (4) ] 
is converted to inches, whereas it is 
ordinarily shown in centimeters. An 
inductance calculation will show 
whether a satisfactory attenuation of 
ripple can be obtained with a reason- 
able value of filter capacitor. A number 
of trials will give the best core-gap 
combination for the application. 
e EXAMPLE: 

output voltage — 300 volts d-c 

current = 250 ma 

rectifier = full-wave silicon diodes 

power frequency — 60 cps, single 

phase 

The voltage which the choke must sup- 
port is the difference between peak and 
90 per cent of rms, which is taken as 
the d-c level. Therefore, 


(1.41 — 0.9)(300) 
eed 

= 170 volts peak-to-peak 
= 60 volts rms 


V= 


0.25 X 60 = 15 
_LAHBF X SF 


~ 1.38 X 0.49 X 10° 
lA = 15/0.429 = 35 


= 1.A(0.429) 


The conditions assumed here were 
Hipersil core, no air gap, and 13 kilo- 


Russian D-€ Motors Described 


J. F. DAVIS 
Direct Current Motor & Generator Dept. 
GenerAL Evectric COMPANY 
Erie, Pennsylvania 
A TRANSLATION has been made of an 
article entitled, “Direct-Current Motors 
with Wide Range of Speed Control,” 
by J. S. Gurin and O. P. Siderov, which 
appeared in the Russian periodical 
Elektrichestvo, No. 7, 1959. The au- 
thors describe a line of Russian d-c 
motors being developed. These motors, 
Type P, supersede the previous Type 
PH and include ratings from 0.4 to 
168 hp and speeds from 400 to 3400 
rpm. No mention of any motor-tempera- 
ture rating is made. They state that 
small motors have Class A insulation; 
the middle sizes, Class B; and the 
largest sizes, Class BC insulation. 
One table of ratings gives data on 
machines with speed ranges of 2.25:1, 
3:1 and 4:1 by field weakening for 
each of 22 frames. The new series is 
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said to have reduced weight and in- 
ertia, plus higher rated and maximum 
speeds compared to Type PH. How- 
ever, the inertia curve (Fig. 1) ap- 
proximates, and the weight-vs-hp curve 
is almost identical to that of a current 
line of U. S. d-c motors. As for speed 
ratings, the smaller frames have speed 
ranges up to 3000 and the largest 
frame, up to 1600 rpm. These compare 
with current NEMA standards of 4000 
rpm for simiiar small machines and 
2000 rpm for the large one. 

A second table of ratings in the 
Russian article gives data on the same 
frame sizes for 220-volt motors designed 
for speed control by varying the arma- 
ture voltage. Information is given on 
torque value which can be delivered 
(presumably, at constant temperature 
rise) when the self-ventilated motors 
are operated below base speed. These 
torque values indicate, for instance, 
that at 4% base speed, the smaller 


gauss maximum flux density. If an air 
gap is introduced, the effective value 
of 1,A can be smaller. If ~» = 10,000 
and J, = 0.001: 


1+ al,/l’. =1+10' X 1 X 105/I’, 
=1+10/I’. 


35 = (l’.A)(1 + 10/l’.) = AC’. + 10) 


A pair of AA-28 cores,* each weighing 
1.96 lb, a mean magnetic path length 
of about 8 in., and 0.938 sq in. area, 
appears appropriate. 

The number of turns for each wind- 
ing can be calculated from Eq (3): 


3.49V X 10° 


N = “BAF X SF 


ee 3. 19(60)(10°) 
~ (13 X 10%)(1.876)(60)(0.95) 
= 151 turns 


The inductance resulting from this 


combination, from Eq (1): 
3.2(151)°(1.878)10-* 
(0.001 + 8/10‘) 

0.761 henry 


L= 


A completed choke as calculated would 
occupy a volume of 4 x 3%e6 x 3 in. 
The resistance of each half would be 
less than one ohm. The size is com- 
parable with conventional chokes of 
equivalent performance, but the re- 
sistance is less than 1 per cent of con- 
ventional design. By varying the values 
of parameters selected, the size can be 
decreased at the expense of increased 
resistance. Air gap and maximum flux 
density are probably the most import- 
ant parameters. OO0O 


* Arnold Engineering Co., Marengo, II. 


Pit 
through P82 at 


1650 to 1800 rpm 
°General Electric 
Kinamatic motors 
CD-186 through, , 
CD-405 at g 
1750 rpm 


oleae 


10 20 30 40 50 60 
Horsepower 


Inertia comparison of Russian vs U.S. d-c 
motors, 1 to 60 hp at 1750 rpm. Russian 
inertia values were based on the square 
of the diameter of gyration, but have 
been converted to American practice 
based on the square of the radius of 
gyration. 


motors can provide about 80 per cent 
of their rated torque (base speeds of 
1650-1800 rpm) and the larger motors 
(1180-1300 rpm base speeds) about 
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A SIGNIFICANT BREAK-THROUGH 
IN TRANSISTOR TECHNOLOGY... 


ECDC 


The Best High-Power, High-Speed Switching 
Transistors Ever Developed Provide the Optimum 
Combination of Voltage, Power, and Speed 


The Sprague ECDC Transistor is the first to combine the optimum 
features of the electro-chemical precision-etch techniques and dif- 
fused collector techniques in one highly-mechanized process. 

The ECDC Transistor meets these 7 conditions for an ‘‘ideal!’ 
transistor: 


1. Very low collector-to-case thermal resistance through the utilization of 
high thermal conductivity material as the collector body, resulting in 
high power dissipation. 


2. Thin base width for high radiation resistance and lower storage time. 


3. Precision-etched emitter pit permits placement of emitter junction at 
proper resistivity for optimum breakdown voltage and frequency response. 


4. High conductivity surface surrounds emitter pit and close emitter-to-base 
spacing results in extremely low base resistance. 


5. Precision-etched collector provides optimum control of collector series 
resistance with attendant low saturation voltage, low storage time, and 
high breakdown voltage. 


6. Low collector series resistance as a result of the use of high conductivity 
material for the mass of the collector area. 


7. The structure and manufacturing processes are suited for automated 
production equipment with immediate in-process feedback. 


SPRAGUE COMPONENTS 


€ TYPES 2N2099 & 2N2100 
TT These P-N-P Germanium Electro-Chemical, 
Diffused-Collector Transistors are espe- 
cially designed for high current core 
driver applications. They feature excel- 
lent beta linearity from less than 1 ma 
to over 400 ma, high frequency response, 
and low saturation resistance. The low-height 
TO-9 case is ideally suited to meet equipment 
designers’ needs. 


TYPES 2N2096 & 2N2097 


Types 2N2096 and 2N2097 are electrically 

identical to Types 2N2099 and 2N2100, 
| respectively, except for their TO-31 Case, 
| with its threaded stud mounting. 


| For complete information on ECDC Tran- 


| sistors, write Product Marketing Section, 
Transistor Division, Sprague Electric Com- 
pany, Concord, New Hampshire. 


*Trademark of Sprague Electric Co. 


TRANSISTORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE S p R A ¢ 1 ; 


CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS 
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES 
RESISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS 


THE MARK OF RELIABILITY 


‘Sprague’ and ‘@ are registered trademarks of the Sprague Electric Co. 


OCTOBER 1961 Circle 151 on Inquiry Card 137 





DESIGN Trends 


50 per cent. The authors state that, with 
separate blower ventilation, the motors 
are capable of delivering rated torque 
at any speed below base speed. 

In the article, there is also a discus- 
sion of the stability problem when the 
field of a d-c motor is weakened to 
provide high speeds. An equation is 
given for a coefficient of stability which 
is the sum of the magnetomotive force 
in the air gap and in the armature 
teeth for one pole, divided by the arma- 
ture-reaction magnetomotive force un- 
der one pole. The authors have found 
this factor should not be less than 0.15 
to 0.25, and then only if the correct 
stabilizing series winding has been pro- 
vided. Another rule-of-thumb equation 
is provided for determining the number 


of stabilizing-coil turns. These design 
methods and criteria are similar to past 
practice here, but several companies 
now make-use of methods employing 
digital computers to determine the 
speed characteristics of machines and 
to design the windings. Also, some of 
the newer American d-c motors pro- 
vide the NEMA-standard speed range 
by field control without the use of 
stabilizing windings in sizes below 75 
hp, which has advantages in reversing 
applications. 

For a speed range greater than 4:1 
by field control, the authors state that 
it is necessary to use a special system 
of controlling the excitation coils. In 
the system described for a 4-pole motor, 
the field is weakened on one pair of 
poles (one north and one south) and 
the field held constant on the other 
pair. Included in the references of the 
Russian article is an American paper 
describing essentially the same system, 
but 12 years earlier. The Russians have 
simplified the system slightly since the 
field on one pair of poles is not varied 
at all, although the American paper 
showed a small but gradual reduction 


in the field current of the two higher- 
flux poles. The Russian system is 
claimed to reduce the effect of arma- 
ture reaction, improve ccmmutation, 
and allow speed ranges up to 8:1. 
One photograph of their motor shows 
typical construction with cast end- 
shields, a large conduit box and a 
separate blower mounted on top of the 
motor at the drive end. Small openings 
on either side of the commutator end- 
shield provide poor accessibility for 
maintaining brushes and commutator. 
This new line appears to have two 
stack lengths for each of eleven diam- 
eters. No dimensions for the frame sizes 
are given. Four ratings were shown 
for each of the frame sizes, plus a 
fifth rating using the special control 
system. It appears that they offer a 
range of ratings and number of frame 
sizes similar to American practice. 
Based on the conclusions which can 
be drawn from this paper, it is be- 
lieved that the Russians have no tech- 
nical superiority in the design of d-c 
motors and, in most respects, appear 
to be lagging behind their American 
counterparts. OOO 


Transistor Tester Supplies Constant Collector Current 


IN THE TESTING of transistors, par- 
ticularly if they are to be tested in 
large lots, one problem encountered is 
the maintenance of a constant collector 
current. A circuit to achieve constant 
current has been built into a transistor 
life tester by Flite-Tronics, Inc., Bur- 
bank, Calif. The circuit for testing one 
transistor is shown in the figure, where 
Q, is the transistor being tested. The 
controlling function in the circuit is 
performed by a magnetic amplifier. 
The collector supply is a constant- 
voltage source. In series with the col- 
lector is one of the control windings 
of the magnetic amplifier. The other 
control winding is biased by a separate 
supply. The gate windings of the amp- 


Bias supply 


lifer are supplied with 1-ke square- 
wave signals from a “chopper,” and 
the output of the amplifier is used to 
control the base of the test transistor. 
It can be seen that, with the proper 
winding ratios, a change in the collector 
current changes the supply to the base, 
thus returning the collector current to 
its original value. For instance, if the 
collector current increases (possibly 
due to a change in amplification result- 
ing from heating), the base current is 
automatically reduced to lower the 
collector current. 

Battery V, subtracts from the output 
of the magnetic amplifier a voltage just 
sufficient to cancel the voltage drop 
across R, due to a magnetizing current. 


= Collector 


= supply 


Schematic diagram of transistor life-test circuit with automatic control of collector 


current. 
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The filter composed of R, and C 
smooths the output of the magnetic 
amplifier. 

In a practical application of the 
testing system, approximately 30 trans- 
istors can be placed on test at a given 
voltage and current specification. To 
obtain the same current in all the 
transistors, the bias windings of each 
of the magnetic amplifiers are con- 
nected in series. With reasonable simi- 
larity between the amplifiers, it can be 
assumed that the number of turns in 
each is sufficiently the same to cause 
variations of less than 1 per cent in 
the collector current. In a prototype 
life-test unit using this system which 
is now operating at Flite-Tronics, trans- 
istors with ratings up to 2 watts can 
be accommodated (the principle can 
be applied to higher power ratings, how- 
ever). The collector supply voltage is 
variable between 2 and 150 volts d-c 
and the collector current limits are 
0.5 ma and 0.5 amp. It can accommo- 
date transistors having variations in 
beta of 5 to 1 within a lot. Provisions 
for measuring the individual voltages 
and currents are provided. 

The ability to place a lot of transis- 
tors on test without adjusting indi- 
vidual collector currents reduces set- 
up time, and an indication of transistor 
failure with simultaneous removal of 
collector potential from the defective 
transistor prevents damage to the 
equipment. Oo0°0 
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FINE DEPENDABLE ELECTRICAL SHEETS 


Acme-Newport Plants, Cincinnati in Background 


Original customers of fifty years ago still buy high-quality 
finished silicon sheets from this 77-year-old basic steel pro- 
ducer. So satisfactory have they found Acme-Newport sheets 
and service over the years that a special department long has 
been operated for manufacturers of rotating equipment. 
Modern facilities, unfailing analyses, tests and inspections 
ensure strict adherence to specifications. You receive sheets 
that always are true-to-gage, with known core loss properties, 
permeability and punchability. Thus you are able to match 
Acme-Newport grades to your individual requirements. It’s 
time you got in on all these advantages ! 
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Thin-Film Precision Resistors through Photography 


Cc. J. TAYLOR 

Air Arm Division 

WestincHouse Evectric CoRPORATION 
Baltimore, Maryland 


THE APPLICATION of photoetching tech- 
niques for designing vapor-deposited, 
thin-film resistors has been studied by 
the Air Arm Division of Westinghouse 
Electric Corporation, Baltimore, Mary- 
land. One of the primary problems was 
to find a method for obtaining precise 
fine-line patterns for masking these 
resistors used in Wespak microminia- 
turized assemblies. Since specified toler- 
ance limits required a highly accurate 
reproduction of a master drawing, 
Westinghouse decided to design and 
develop the necessary equipment rather 
than purchase a commercial unit. The 
final factor in this decision was the 
specialized use of the device needed to 
accomplish this reproduction. 

The lens used in this apparatus had 
to produce a high-contrast, high-resolu- 


tion transparency with a tolerance line 
width of approximately +0.0001 in., 
since the line width of the resistor was 
to be 0.010 in., with approximately 10 
per cent allowable error. Of this error, 
10 per cent was assigned to line width 
in the transparency and 90 per cent to 
thickness of deposited metal, etching 
tolerance, etc. The transparency was to 
cover an area of 0.7 x 0.7 in. with a 
possible increase to 1 x 1 in. 

Using standard drafting techniques, 
the line widths on master drawings for 
printed-wiring boards can be held to 
+0.005 in., which is 50 times as large 
as the tolerance wanted on the required 
transparency. Therefore, a lens capable 
of reducing a 50 x 50 in. object to a 
1 x 1 in. size, while holding the de- 
sired tolerance, was required. Eastman 
Kodak’s Ektar Microfile 63-mm /4.5 
lens, with a resolution of 140 lines/mm 
when stopped at /8, was chosen to 
fulfill this requirement. Using simple 
optical equations, the focal length of 


i = 


ase 3.15 
= 
sé 


3-5 


laa 5 


I= 


Phevgrapnic machine and copyboard designed to reproduce master drawing of 
pristed-circuit boards in very small dimensions. Inset: Nutional Bureau of Standards 


microcopy resolution test patterns chart. 
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the camera was then determined. 

A glass copyboard (see figure) was 
mounted on Teflon pads and held in 
place with “U” blocks. These blocks 
were equipped with adjustment screws 
to square the copyboard with the axis 
of the lens. The photographic plate- 
holder (see figure) was designed to 
use glass plates and the surface of the 
holder, supporting the glass plate on 
the emulsion side, was ground flat. 
Covered with soft rubber to give uni- 
form support, a pressure plate held the 
glass plate against the ground surface 
by means of a spring in each of its 
four corners. Vibration mounts, design- 
ed to give an isolation factor of 0.5 at 
10 cps, were installed to ensure stability 
between the copyboard, the reduction 
lens, and the photographic plateholder. 
A set of optical ways was installed to 
allow changes in the image size by 
positioning the lens holder and the 
photographic plateholder. An adjust- 
ment permitting a fine focus of the 
image plane to the plane of the plate- 
holder was also included on the lens. 

Four 400-watt mercury lamps, each 
provided with an air blower to remove 
the generated heat, were placed 8 ft in 
front of the copyboard, one lamp focused 
at each corner. Also, reflectors were 
designed with an elliptical surface in 
the horizontal plane to distribute the 
light uniformly across the face of the 
copyboard. A yellow filter was inserted 
in front of each lamp to remove the 
light in the blue region because this 
light caused a scattering effect on the 
photographic plate. 

Before making a reproduction, the 
copyboard and the plateholder were 
aligned. One metal plate with a % 
in..diam hole was inserted into the 
plateholder, and another identical plate 
was placed in the center of the copy- 
board. With a mirror placed behind 
the second plate, light was passed 
through the two plates and reflected 
back. The copyboard was then adjusted 
to allow the reflected beam of light to 
reenter the hole in the first metal plate. 

With the system properly aligned. 
National Bureau of Standards resolu- 
tion test patterns (inset) were taped 
to the copyboard. The four patterns 
around the center resolution test chart 
were raised off the copyboard in incre- 
ments of 0.250 in. to give an indication 
of depth of field. 

The reduction lens was focused by 
placing a piece of frosted glass in the 
plateholder and focusing on it. Fine 
focus was achieved by using a 20X 
microscope to inspect the image. A 
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~SAME PANEL SPACE! 


For extra timing contacts, it’s no longer necessary to 
buy a second timer or extra relay. Square D’s Class 
9050 Types B and C timing relays are now available 
with the new 2-pole snap switch which doubles the 
number of contacts you get with the single-pole de- 
vice—and mounts in exactly the same space! What's 
more, totally enclosed contacts eliminate dust and 
dirt problems. 

The 2-pole version also offers the same advantages 
as the single-pole timer: 


e Easily converted from on-delay to off-delay 
or vice versa 

e One or two single-pole double-throw 
instantaneous snap switch interlocks 

e Timing period adjustable from 0.2 seconds 
to 3 minutes 

e Available for either AC or DC 

e All contact terminals out front for easy wiring 

e Wide variety of enclosures for any application 


Type P relay offers 16 con- 

tacts (8 N.O. and 8 N.C.) 
Basic 2-pole snap switch in one compact unit occu- Limit switchis the Industrial-type pressure 
available, or with a variety pying less than 14.5 square most oil-tight of any switch offered with operating 
of operators inches of panel space you can buy range to 15,000 Ibs 


Write FOR DETAILS on Square D 2-pole devices shown. Square D Company, Dept. SA, 
4041 North Richards Street, Milwaukee 12, Wisconsin 


SQUARE J) COMPANY 
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214 x 4-in. high-resolution plate coated 
with Eastman Kodak 649-GH emulsion 
was inserted into the plateholder and 
several photographic plates were ex- 
posed at various positions about the 
visual focus to determine the optimum 
focus. The reduction of the sharpest 


photographic plate was checked by 
means of a 35-in. reduction dimension 
that had been placed on the copyboard, 
and was found to be 0.0015 in. short. 
The plateholder was moved forward 
0.187 in., the amount calculated to 
increase the reduction dimension to the 
desired length. The reduction lens was 
refocused and the length rechecked at 
0.699 in. Definition obtained from the 
resolution charts varied from 125 lines/ - 
mm to 200 lines/mm. With the excep- 
tion of one resolution chart in a corner 
of the copyboard, the lens resolved a 
minimum of 140 lines/mm. No degrada- 
tion in resolution was noted from the 
resolution charts that were raised in 


Simplified Evaluation of Electrical Insulation 


W. B. PENN 
Generat Evecrric CoMPANY 
Erie, Pennsylvania 


WHERE TESTs to establish classifications 
and designations of new insulating ma- 
terials and systems have not been form- 
ulated or even seriously considered, it 
becomes essential that screening and 
evaluation tests be an integral part of 
the acceptance of any material for de- 
sign applications. Even in those cases 
where materials properties data are pre- 
sented, some evaluation work is norm- 
ally required either to confirm or dis- 
claim results presented by the vendor, 
or to extend the information presented 
to the range of interest being considered. 
This is particularly significant where 
interactions between materials may 
exist or conditions of service may im- 
pose degradation effects peculiar to the 
particular operation under considera- 
tion. It is therefore necessary to devise 
and set up tests which will evaluate or 
compare candidate materials in a man- 
ner corresponding to actual service con- 
ditions and which will accelerate deg- 
radation effects in as simple a manner 
as possible. 

This report will describe some of the 
procedures by which new insulating 
materials are evaluated and screened 
by the Direct Current Motor and Gen- 
erator Department of General Electric 
Company, Erie, Pennsylvania, without 
the use of large-scale test programs. 


Compatibility Tests 


The introduction of — polyester 
enameled magnet wire for Class B ma- 
chines introduced the problem of 
greater sensitivity to chemical inter- 
actions than with wires previously used. 
To determine what materials could 
safely be used with polyester wire, the 
following test was set up: Pyrex bottles 
similar to the old-fashioned citrate of 
magnesia bottles were obtained. The 
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rubber washers which came with the 
bottles were replaced by silicone-rubber 
washers whose compatibility with poly- 
ester wire enamel had already been 
established. The bottles were thoroughly 
washed and then dried in a 180 C oven. 
While still in the oven, five twisted 
pairs of wire were placed in the bottle 
together with a sample of the material 
whose compatibility with the wire was 
being evaluated. The bottle containing 
the wire and the sample was left un- 
capped for 2 hr to eliminate absorbed 
or adsorbed moisture. It was then sealed 
and kept for two weeks at 180 C. At 
the expiration of the two-week period, 
the bottle was removed from the oven 
and the twisted-wire pairs extracted 
when the bottle had cooled to room 
temperature. 

Hi-pot tests were then made on these 
twisted pairs. It had previously been 
established that wires aged in this fash- 
ion would maintain a dielectric of 4000 
to 8000 volts after this two-week ex- 
posure to 180 C. Dielectric breakdowns 
on the evaluated wire ranged from zero 
volts up to the original 5000 to 8000 
volts. An arbitrary standard was then 
set up as follows: materials whose 
presence in the bottle caused the elec- 
tric strength of the twisted pairs to 
drop to less than 1000 volts were con- 
sidered unfit for use in a system con- 
taining the polyester enameled wire. 
If the dielectric breakdown ranged be- 
tween 1000 and 3000 volts, the subject 
material was marginal and would be 
used only if nothing better were avail- 
able. If the electric strength was above 
3000 volts, there was no question as to 
the compatibility of the material and 
its suitability for use. 

This test is probably unusually 
severe, since it combines the intimate 
contact of the materials with inability 
to dissipate volatiles, approximating 
conditions of a pressure cooker. For 
example, it was found in making a 


steps up to 1 in. from the center of the 
copyboard. 

There may be variations in the pho- 
tographic reductions. These can usually 
be attributed to lens aberration, light- 
intensity variations on the copyboard, 
and variations in line width caused by 
laying the tape incorrectly on the 
master drawing. However, the tolerance 
in the final negative can be maintained 
to within +0.0002 in. when the tape is 
overlayed to form the proper line width 
on the master drawing. If standard tape 
widths can be used to form the full 
line widths, a tolerance of +0.0001 in. 
can be maintained by selecting rolls of 
tape of the proper width. OOO 


similar test on Formex (polyviny] 
formal) enameled wire that a number of 
materials which had been in satisfac- 
tory use for years demonstrated in- 
compatibility with the enamel under 
these conditions. This instance should 
point up the fact that the procedure 
followed was so severe that its results 
may rule out some adequate material 
where incompatibility is demonstrated 
under this test procedure. However, the 
use of materials previously proved com- 
patible should not be neglected. 

In addition to the definitiveness of 
this test, which provides a numerical 
answer, the effect of the material being 
investigated upon the polyester enamel 
may be easily observed visually. Some 
materials (styrene, PVC, and phenolics) 
will make the enamel flake and drop 
to the bottom of the bottle as a brittle 
crust. Other materials, such as some 
polyurethanes, convert the polyester 
wire enamel into a gummy, sticky mass. 
Still others, like most silicones, have 
no apparent effect. 

The test is quite sensitive to other 
factors. A difference in compatibility 
between pressure-sensitive polyester 
tapes colored yellow and _pressure- 
sensitive polyester tapes colored orange 
was also observed. This surprised 
some of the vendors who felt that 
there was essentially no difference 
between these tapes. Whether the dif- 
ference exists in the tapes or in the 
colors was not established, but the tape 
found to be incompatible with polyester- 
enameled magnet wire was eliminated. 

This sealed-bottle test has also been 
used to determine the ability of various 
materials such as wire enamels to with- 
stand moisture. In this case, a measured 
quantity of water was added to the 
clean, dry and cooled bottle containing 
the twisted-wire pairs, so that at 180 C 
the sealed bottle becomes, in effect, a 
pressure cooker. The breakdown values 
after the two-week exposure then dif- 
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The National Cash Register Company presents above-average oppor- 
tunity for the experienced scientist or engineer to apply his talents 
in a stable organization. Whether your interest lies in commercially 
oriented projects or advanced military electronic development, you 
will find lasting satisfaction and encouragement for professional 
advancement. 


If your interests lie in one of the many fields of endeavor being 
carried on by The National Cash Register Company, you are invited 
to submit your resumé to us for consideration for one of the fine 
opportunities now open in Dayton, Ohio at our modern Research and 
Development facility. 


SEMI CONDUCTOR RESEARCH ADVANCED ELECTRONIC SYSTEMS 
LOGIC AND CIRCUIT DESIGN SYSTEMS RELIABILITY 
COMPONENT EVALUATION DIGITAL COMMUNICATIONS 
TECHNICAL WRITING 


THE NATIONAL CASH REGISTER COMPANY, DAYTON 9, OHIO 


ONE OF THE WORELD’S MOST SUCCESSFUL CORPORATIONS 


77 YEARS OF HELPING BUSINESS SAVE MONEY 


DIGITAL SYSTEMS 


Positions open are at all levels 

of experience, including Project 
Manager. Prompt and personal 
attention will be given to your 
inquiry. All qualified applicants 
will be considered regardless of 
race, creed, color or national origin. 
Send resumé and letter of 
application to: T. F. Wade, 
Technical Placement, G-12 

The National Cash Register Co., 
Main and K Streets, 

Dayton 9, Ohio. 
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ferentiate quite clearly between various 
wire enamels. 


Evaluation of Compression Creep 


A common problem on which very 
little technical data are available is con- 
cerned with the use of sheet laminates 
under compression loading—an insulat- 
ing washer under a brushholder, a 
collar on a field coil, or even the com- 
pression creep of a mica segment plate 
in a commutator. For such applications, 
a simple and fairly rapid screening test 
enables discrimination between a num- 
ber of candidate materials so that selec- 
tions can be made with some degree 
of confidence. In addition, the test 
procedure permits selection of a pre- 
cure or prebake prior to actual installa- 
tion to eliminate or decrease the creep 
of the materials under the load imposed 
by the application. 

Here, a steel ring is used into which 
are drilled and tapped a number of 
holes. The sheet material whose com- 
pression-creep characteristic is to be 
determined is cut or punched in the 
shape of a washer. It is then assembled 
with a steel washer and a bolt (the 
head of which has been filed smooth 
and a line scribed on this surface) and 
a specified torque is applied. The 
amount of torque is determined by 
measuring the actual force applied by 
the operator in assembling the piece of 
equipment. Heat aging is conducted at 
various temperatures. At various stages 
during the aging, the samples, after 
cooling, are torqued to the original 
tightening load. In so doing, the bolt 
of course turns and the scribed line on 
the bolt head is thereby displaced 
from the original mark on the ring 
with which it was lined up. This move- 
ment is measured as an angular dis- 
placement by use of a protractor, and 
the amount of compression can then be 
readily calculated, knowing the pitch of 


Varnish A 


the threads on the bolt. For example, a 
14-20 bolt would have twenty threads 
to the inch, so that a complete revolu- 
tion of the bolt head would correspond 
to a compression equivalent to a dis- 
tance between threads of %o of an 
inch or fifty mils. 

There is, however, an obvious flaw in 
this procedure, since the torque applied 
is actually made up of two components. 
One is the resistance to compression of 
the material to be checked. The other 
unwanted component is the friction that 
exists between the threads on the bolt 
and the threads in the tapped hole. 
This is reduced as much as possible 
by working-in the bolt several times dur- 
ing the initial assembly and by lubricat- 
ing the bolt with graphite or molyb- 
denum disulfide. In spite of this flaw, 
the results obtained by this procedure 
become quite reproducible. The test 
itself is easy to set up and easy to 
run. 


Bonding Strength Tests 


Whenever varnishes are used on ro- 
tating components, the bonding strength 
of the particular varnish becomes an 
important question. A simple screen- 
ing test for comparing the bonding 
strength of varnishes as a function of 
the substrate, as well as of heat-aging 
time and temperature, consists simply 
of dipping two rectangular magnet 
wires into the varnish being checked. 
The dipped ends are overlapped for 
a distance of 1 in., and held in intimate 
contact by means of a paper clip. The 
entire structure is then placed in an 
oven and baked for the prescribed 
time at the prescribed temperature. 
This paperclip technique exerts a very 
consistent pressure so that results are 
quite consistent and reproducible. The 
ease of handling samples by this tech- 
nique permits the making of a large 
number and large variety of samples 
for test. 

In a recent test made in this manner, 
it was desired to check out varnishes for 
use at elevated temperatures. Two types 
of magnet wire were used: one a heavy 
Formex-glass, the other a glass-silicone 
wire. Samples were made up from each 
of these wires and each of the varnishes 
being evaluated. After cure, some of 
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the samples were pulled at 200 C for 
an initial reading while the others 
were aged at 200 C. Samples were re- 
moved at the end of one day, two days, 
four days, seven days, two weeks, four 
weeks, and eight weeks and pulled hot. 
The results demonstrated quite clearly 
the poor bonding obtained by the use 
of phenolic varnishes on silicone-treated 
magnet wire while showing the high 
thermal stability of the newer polyester 
varnishes. It was also evident that de- 
gradation of the substrate was more 
responsible for the low values found in 
the polyester varnished samples than 
actual degradation of the varnish itself. 


Statorette Tests 


Carrying the progressive testing pro- 
gram one step further, ground insula- 
tions were brought into the picture in 
a statorette test. The statorette used 
was merely a % section of an actual 
stator mounted on a cradle-shaped base 
for ease of handling during heat aging, 
vibration, and humidity tests. For the 
actual test, two statorettes were made 
up in duplicate, with four slots in each 
statorette containing a given insulating 
material. Thus, five different slot in- 
sulations were being evaluated. Two 
rectangular conductors were placed in 
the slots, with a phase separator and 
topstick also applied. Each statorette 
was then treated with a varnish chosen 
from the preceding bonding strength 
tests. 

The statorettes were first exposed to 
200 C for a 24-hr cycle. However, after 
two cycles, so little effect of heat aging 
was apparent that the temperature was 
raised to 250 C. The cycling procedure 
then was: aging for 24 hr at 250 C; 
cold shock by immediate removal from 
the oven to room temperature in air; 
on cooling to room temperature, the 
fixtures were vibrated at 35 mils ampli- 
tude, 60 cycles, for 1 hr. They were 
then exposed to 95 per cent relative 
humidity at 100 F for a minimum of 
48 hr. While humidified, and at the end 
of the moisture exposure, they were 
checked at 600 volts-to-ground from 
each conductor. From this test, it was 
found that one varnish was apparently 
far superior. It was also found that 
certain of the combinations of varnishes 
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K&M unshackles your designers’ hands by providing a 
wide range of Universal Motors for powering portable 
tools, household appliances, business machines and many 
other products. R&M Universals are available 1/50 to 
i HP, AC and DC operation, fixed or reversible rota- 
ition, open or totally enclosed, with rigid bases or end 
mounting. Motors feature high operating speed, high 
starting torque, adaptability to speed control, and light 
weight per horsepower. Quality materials, skillful engi- 
neering and precision manufacture assure long, 
dependable life and quiet, vibrationless operation. Be- 
sides standard ratings, many special designs are now 
engineered and tested due to past custom-designing . . . 
or R&M will custom-design a motor for your specific 
application. Write today for R&M Bulletin 444_p7 


UNIVERSAL MOTORS 
1/50 to 1 horsepower 


frame 4334 
pad mounted 
open universal 


frame 3736 
end mounted 
open universal 


frame 29 
totally-enclosed 


tet universal parts 


ROBBINS & MYERS, INC., Springtieid, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Propellair. Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 


Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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and insulations were more susceptible to 
failure than. others. (See accompanying 
table.) 


As the tests progressed, certain 
combinations of varnish and slot in- 
sulation allowed the conductors to 
break loose in the slot during vibration, 
while other combinations remained 
firm throughout the life of the test. 

The results of this statorette test 
were incorporated in additional stator- 
ettes which were built up so that actual 
coils were used in the slots along with 
the two best combinations of slot in- 


Feedback Relationships in Transistor Amplifiers 


JACK S. T. HUANG 
Harvarp UNIVERSITY 
Cambridge, Mass. 


IN CALCULATING the characteristics of 
transistor amplifier circuits, it is fairly 
simple to obtain the common-emitter, 
short-circuit current gain, 8, from the 
common-base, short-circuit current gain, 
a, and vice versa.* Moreover, the com- 
mon-emitter circuit can be derived by 
applying unity positive current feedback 
to the common-base circuit, whereas 
the common-base circuit can be derived 
by applying unity negative current feed- 
back to the common-emitter circuit. 
The use of the feedback concept is par- 
ticularly useful in that gain, bandwidth, 
sensitivity, and input and output im- 
pedances can all be deduced in terms 
of the same return difference factor.+ 

Figure l(a) shows a parallel-series 
feedback connection in which the short- 
* See “Semiconductor Electronics,’ a series of 
articles by A. A. Sorensen appearing in Exzcrro- 
Tecunoiocy from October 1960 to March 1961. Avail- 


able as a combined reprint. See p 170 for ordering 
information. 


+ See Network Analysis and Feedback Amplifier De- 
sign, H. W. Bode, D. Van Nostrand Co., Princeton, 
N. J. (1945). 


Amplifier proper 
i gerne se = — <2 2-4 FZ 


Fig. 1— (a) General parallel-series feed- 
back amplifier circuit. (b) Unity feed- 
back with infinite feedback resistance. 
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(b) 
Fig. 2—Common-base (a) to common- 
emitter (b) transformation with unity 
positive feedback. 


circuit current gain is A and the feed- 
back factor is B. The current gain with- 
out feedback is 


pe i ae 

* i ae 
if R, << R,. The current gain with 
feedback is 


I; K’ A 


K=7,"1T=KB~1=AB 


where the plus-or-minus signs indicate 
negative and positive feedback, respec- 
tively. 

If the input is driven by a current 
generator, the feedback factor can be 
determined from the following: 


I; R; 
ren +% 

In order to have unity feedback (B = 
1), either R; must be zero, or R; must 
be infinite. The input resistance, R,, 
is usually not zero; however, it is 
possible to make R, infinite. This con- 
dition is shown in the circuit in Fig. 
1(b). 

A basic common-base circuit is 
shown in Fig. 2(a). If the point marked 
“x” is opened and the load side is 
brought to the emitter, the output cur- 
rent is completely fed back positively 


sulation and varnish treatment. These 
underwent prolonged aging at three 
different temperatures in keeping with 
the philosophy of functional evaluation 
testing. Thus it was decided which of 
the possible combinations provides the 
best insulation system. Oooo 


Acknowledgment: The cooperation and 
assistance of R. F. Schaefer and P. A. 
Rizzo is acknowledged in setting up and 
in carrying out these test programs, 


to the input, as shown in Fig. 2(b). 
The common-base current gain is 


a =I,/I, 


The gain with feedback is then 


B= 1.6/1, = Ie/l, = —— 
1 a 

A close examination shows that the 
positive feedback circuit in Fig. 2(b) 
is actually a common-emitter circuit. 
Similarly, Fig. 3 shows a common- 
emitter circuit transformed to a com- 
mon-base circuit by means of unity 
negative feedback. The gain is then 


re Ze sakes 
a=1-/h = 1/1. = 7 


It will be noted that the common- 
emitter circuit results when maximum 
positive feedback is applied to the 
common-base circuit. We cannot, how- 
ever, conclude that oscillation is un- 
achievable from the common-base cir- 
cuit, because further positive feedback 
is possible through one or more addi- 
tional feedback loops. Since any prac- 
tical circuit can be constructed from 
either of these two basic configurations, 
it would be pointless to say which is 
the more basic. Oo0o°o 


(b) 


Fig. 3 — Common-emitter (a) to common- 
base (b) transformation with unity nega- 
tive feedback. 


ELECTRO-TECHNOLOGY 








O18 


| oa. 
" LA 
f ; Talia 


Pee era eee eel tie Bde 








; SNAP - LOCK 
re us 
ai 1 - EA, 2XC3) as 
, . Cen ae: 


eee es 


ul 


Specify National Acme’s SL2X . . 


COO 
| eu 


oe 
Foe | 
¥ 
od 
2 


V\ £5. 





ae 
Bog SIQON-PRUOF 
' ro A we). 








E (IN ucclel Gy 
| Ca es 
EXPLOSION §R DOF 


m~\o Da 


eines Eee baal 
Se ee oe 


OS ER RRR: I eRe MB TUR eT 


. and eliminate limit switching problems under explosive conditions. Tested and 


certified “explosion-proof” by both Underwriters’ Laboratories and the Bureau of Mines, the SL2X is specifically 


designed for use in the mining, chemical, process industries . . 
National Acme’s dependable SL2 “Machine Life” Limit Switches, the 
SL2X also offers .. . a variety of cam arrangements for extreme opera- 
ting flexibility . . . ample overtravel (67°) and by-pass (90°) . . . light 
operating pressure (12% lbs. at 1%” radius). Get all the details on this new 
standard of limit switching dependability and safety. Call, write or wire. 
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THE NATIONAL 

ACME COMPANY 
€ ana ea 176 £. 13151 STREET 

CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich, 





one old style relay. Besides being small, per- sales engineer or write: Westinghouse Electric 
formance excels other machine tool relays. Learn Corporation, Standard Control Divi- 
how it can help you gain valuable floor space for sion, Beaver, Pennsylvania. You can 
more productive uses. Contact your Westinghouse be sure... if it’s Westinghouse 


Automotive 
industry saving 
thousands of 
dollars in floor 
Space with the 
new Westinghouse 
BF Relay 
a ee. 


Westinghouse BF Relays control six 
transfer lines built for the automotive 
industry by F. Joseph Lamb Co., Detroit. 
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THE UTC OUNCER line consists of a full range 
of input, mixing, interstage, output transformers 
and reactors for both transistor and tube appli- 
cation. OUNCER items are ideal for aircraft, 
portable broadcast, hearing aid, concealed serv- 
ice, and similar applications. High fidelity char- 
acteristics are provided. These units, weighing 
only one ounce, are fully impregnated in a 
drawn aluminum housing 7%” diameter. A hi- 
permalloy shield is available providing 25 db 
shielding. Power levels run from milliwatts to 
1 watt. Frequency range runs from 30 cycles to 
20 KC. impedances are available in practically 
any value from 7.5 ohms to 100 K ohms. 

“P” series units are identical to UTC 
OUNCERS but are sealed in bakelite housings 
of submersion proof design, weighing 2 ounces, 
with plug-in base to fit standard octal socket. 


TRANSFORMER 
COR 
150 Varick Street, New York 13, N.Y. 


PACIFIC MFG. DIVISION 
4008 W. Jefferson Boulevard, Los Angeles 16, Cal. 


Export Div.: 13 E. 40th Street, New York 16, N.Y. 


WRITE FOR LATES 
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ASSOCIATION Activities 


NEREM Schedules Technical Papers 


Among sessions of special interest at 
the Northeast Electronics Research and 
Engineering Meeting planned for No- 
vember 14-16 at the Commonwealth 
Armory and Somerset Hotel in Boston 
are: Session 1, Stereo Broadcasting; 
Session 2, Region I Student Prize pa- 
pers on “Analysis and Design of 
Tunnel-Diode Oscillators” and “The 
Tunnel Diode—Its Operation and Char- 
acteristics”; Section 3, Coherent Light 
(optical masers); Session 4, Informa- 
tion Theory; Session 5, Tunneling; 
Sessions 6 and 10, Reliability—A De- 
sign Criterion; Session 7, Computer 
Techniques; Sessions 8 and 12, Radio- 
Astronomy; Session 9, Solid-State De- 
vices and Materials. 

Session 11, Superpower Microwave 
Tubes; Session 13, Microelectronics; 
Sessions 14 and 18, Bio-Medical Elec- 


Conference on Radio 
Interference Reduction and 
Electronic Compatibility 


Requirements and problems pertaining 
to the Department of Defense electro- 
magnetic compatibility program will be 
main topics on the program of this 
seventh conference. Conducted by Ar- 
mour Research Foundation, the confer- 
ence will be held on the campus of 
Illinois Institute of Technology No- 
vember 7-9, 1961. 

The three military services will co- 
operate with the IRE professional group 
on radio-frequency interference to spon- 
sor the conference. Included in the 
program will be sessions on electro- 
magnetic compatibility analysis, design 
and measurement techniques, data proc- 
essing and display methods, interference 
prediction techniques, and practical 
interference control and reduction. 

Inquiries regarding the conference 
should be addressed to W. McGee, 
Conference Secretary, Armour Research 
Foundation, 10 W. 35 St., Chicago 16, 
Ill. 


Association Studies Uses of 
Solar Energy 


The Association for Applied Solar En- 
ergy publishes a quarterly, Solar Energy 
—The Journal of Solar Energy Science 
and Engineering, and a less technical 
newsletter, “The Sun at Work.” The 
Association sponsors scientific gather- 


tronics; Sessions 15 and 19, Atomic 
Frequency and Time Standards; Ses- 
sion 16, University-Industry Coopera- 
tive Programs that Enable Engineers 
and Scientists to Keep Abreast of Latest 
Technological Developments; Sessions 
17 and 21, Microwave Solid-State De- 
vices; Session 20, Dynamics of Re- 
search and Development. 

Booths have been reserved by over 
300 exhibitors at the 15th NEREM. 
Inquiry-system cards for exhibitor prod- 
uct information may be obtained prior 
to the opening of the meeting for those 
who wish to by-pass the delay of card- 
making at the show. Send name, job 
title, company affiliation, street, city 
and state before November 1 to Reg- 
Ident, NEREM-61, P. O. Box 324, 
Waltham 54, Mass. 


ings for the purpose of discussing 
timely phases of solar science and engi- 
neering; it also cooperates with other 
scientific and engineering organizations 
in conducting conferences and technical 
meetings and maintains the Solar En- 
ergy Research Service Center which 
contains the most complete collection 
of solar-energy documents in the world. 
Material in this library is available by 
reproduction. Information is available 
from D. S. Purl, Secretary, AFASE, 
Campus, Arizona State University, 
Tempe. 


Scientists Cited for Reducing 
Radio Noise 


Two scientists, inventors of a_three- 
level, solid-state maser responsible for 
the reduction of noise in communication 
systems ranging from telephones to re- 
ceiving stations for satellite signals, will 
be awarded Stuart Ballantine Medals 
by the Franklin Institute. 

Dr. Nicholaas Bloembergen, Harvard 
University, and Dr. H. E. D. Scovil, Bell 
Telephone Laboratories, Murray Hill, 
N. J., will receive their awards at 
ceremonies October 18. The medal is 
being awarded “for the invention of the 
three-level solid-state maser and its sub- 
sequent development for practical use.” 

The Stuart Ballantine Medal is 
awarded by Franklin Institute for out- 
standing achievement in fields of com- 
munications which employ electromag- 
netic radiation. 
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by CARBORUNDUM® 


Critical Hermetic Sealing Problems Solved 
with metal-bonded CERAMIC-TO-METAL 
ASSEMBLIES and METAL-BONDED CERAMICS 


High reliability requirements to- 
gether with extremely rigid specifi- 
cations are regularly met with 
custom-made metal-bonded ceramic- 
to-metal assemblies and metal- 
bonded ceramics produced by Car- 
borundum’s Latrobe Plant. 


Typical of the more critical applica- 
tions are those involving space cap- 
sules and guided missiles, pressure 
vessels, canned nuclear pumps, ther- 
mopile lead-thrus, nuclear reactors, 
refrigeration and air conditioning 
units and housings for silicon and 
germanium rectifiers. 
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Operating ranges up to 500 C in air 
and 1050 C in a controlled atmos- 
phere are possible. With certain 
combinations of materials, installa- 
tion can be made with brazing alloys 
melting in the vicinity of 600 C. 


Helpful suggestions in solving a va- 
riety of difficult sealing problems 
are offered in our bulletin ‘“Metal- 
Bonded Ceramic-to-Metal Assem- 
blies and Metal-Bonded Ceramics.” 
For your copy, or for evaluation or 
quotations covering your particular 
application, write Dept. ETC-101, 
Latrobe Plant, Refractories Div., Car- 
borundum Co., Latrobe, Pa. 


331 BNR 
VARISTOR 


FLYBACK 
7 RANSFORMER 


i 


VERTICAL 
INPUT 


Flyback Transformer 
Voltage controlled 
by Carborundum 

Varistors 


Under some operating conditions 
such as high line voltage, the output 
from the flyback transformer in a 
TV vertical circuit can reach 2500 
volts. This far exceeds the voltage 
needed for normal operation and can 
puncture winding insulation, cause 
flashover at tube pins, and can dam- 
age other components. 


A simple solution is the installation 
of a Carborundum Type 331 BNR 
Varistor. The voltage-sensitive resis- 
tance characteristic of the Varistor 
holds the flyback output to a safe 
1500 volts. 


Data Sheet on the reduction of in- 
duced transients using Carborundum 
Varistors and Bulletin GR-2 giving 
characteristics will be sent on re- 
quest. Write Dept. ETV-101, Globar 
Plant, Refractories Div., Carborun- 
dum Co., Niagara Falls, N. Y. 


Cir te 15% on smaury Card 


“On Spec.” yields of semi-conductor com- 
ponents improved with BORON NITRIDE jigs 


Using graphite jigs, ‘on spec.” yields 
of semi-conductor components often 
drop as much as 40% within 50 
cycles. Manufacturers report drama- 
tic improvement in yields when 
Boron Nitride jigs are used. 


This material machines easily to 
close tolerances, resists chipping and 
retains internal jig details. It holds 


dimensions, has excellent release 
characteristics and is non-toxic. 


Contact with silicon, germanium, 
indium, antimony, lead and other 
metals has little effect in oxidizing 
or reducing atmospheres. For more 
information, write Dept. ETB-101, 
Latrobe Plant, Refractories Div., 


Carborundum Co., Latrobe, Pa. 
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Oct. 1-4—Electrochemical Society 
Meeting, Hotel Statler, Detroit, 
Mich. 


Oct. 1-6—International Scientific 
Radio Union, CISPR (sponsored by 
IEC and IRE), University of Penn- 
sylvania campus, Philadelphia. 


Oct. 2-4—Seventh National Com- 
munications Symposium (sponsored 
by IRE), Municipal Auditorium, 
Utica, N. Y. 


Oct. 3-6—Ninth Annual Human 
Engineering Institute, Dunlap and 
Associates, Inc., Stamford, Conn. 


Oct. 9-11—National. Electronics 
Conference (sponsored by AIEE, 
EIA and IRE), International Amphi- 
theatre, Chicago. 


Oct. 9-13—Eleventh Annual In- 
strument Symposium and Research 
Equipment Exhibit (sponsored by 


American Association of Clinical 
Chemists, American Chemical So- 
ciety, Instrument Society of Amer- 
ica, Society of American Bacte- 
riologists, Society of Applied 
Spectroscopy, Society for Experi- 
mental Biology and Medicine), 
National Institutes of Health, 
Bethesda, Md. 


Oct. 10-12—National Conference 
on Standards (sponsored by ASA), 
Rice Hotel, Houston, Texas. 


Oct. 17-19—Lubrication Confer- 
ence (sponsored by ASME-ASLE), 
Morrison Hotel, Chicago. 


Oct. 19-20—1961 National Confer- 
ence on Industrial Hydraulics (spon- 
sored by [Illinois Institute of 
Technology and Armour Research 
Foundation), Sherman Hotel, Chi- 
cago. 


Oct. 19-20—Symposium on Elec- 
tronics Engineering and Education 
(sponsored by IRE), Greensboro 
Coliseum, Greensboro, N. C. 


Oct. 20—Second New York Con- 
ference on Electronic Reliability 
(sponsored by IRE), New York 
University College of Engineering, 
University Heights, N. Y. 


Oct. 23-25—Annual Meeting of the 


Conference on Electrical Insulation 


(sponsored by National Academy of 
Sciences-National Research Coun- 
cil), Pocono Manor Inn, Pocono 
Manor, Pa. 


Oct. 23-25—East Coast Confer- 
ence on Aerospace and Naviga- 
tional Electronics (sponsored by 
IRE), Lord Baltimore Hotel, Balti- 
more, Md. 


Oct. 23-25—International Commit- 
tee for Suppression of Radio Inter- 
ference, URSI-IRE Fall Meeting 
(sponsored by URSI and IRE), 
University of Texas campus, Austin, 
Texas. 


Oct. 23-27—Forty-third National 
Metal Congress, 1961 Detroit Metal 
Show and ASM Materials Compari- 
son Center (sponsored by ASM), 
Cobo Hall, Detroit, Mich. 


Oct. 24-26—Michigan Industrial 
Electronics Exposition (sponsored 
by Electronic Representatives, Inc.) , 
Detroit Armory, Detroit, Mich. 


Oct. 25—Technical Conference on 
Plastics in Major Household Appli- 
ances (sponsored by SPE), Mono- 
gram Hall, General Electric Co., 
Louisville, Ky. 


Oct. 25-26—1961 Computer Appli- 
cations Symposium (sponsored by 
Armour’ Research Foundation), 
Morrison Hotel, Chicago. 


Oct. 25-26—Conference on Re- 
liability Assurance Techniques for 
Semiconductor Specifications (spon- 
sored by Aerospace Industries As- 
sociation, American Society for 
Quality Control, EIA, IRE and Joint 
Electron Devices Engineering Coun- 
cil), Department of Interior Audi- 
torium, Washington, D. C. 


Oct. 26-27—Instrumentation Fac- 
ilities for Biomedical Research Sym- 
posium (sponsored by IRE, AIEE, 
ISA and University of Nebraska), 
Sheraton Fonteuelle Hotel, Omaha, 
Nebr. 


Oct. 26-28—1961 Electron Devices 
Meeting (sponsored by IRE), Shera- 
ton Park Hotel, Washington, D. C. 


Oct. 30-31—Radio Fall Meeting 
(sponsored by EIA and IRE), Hotel 
Syracuse, Syracuse, N. Y. 


Nov. 6-8—Technical Conference on 
Non-Linear Magnetics (sponsored by 
AIEE and IRE), Statler-Hilton 
Hotel, Los Angeles. 


Nov. 7-9—Seventh Conference on 
Radio Interference Reduction and 
Electronic Compatibility (sponsored 
by IRE and military services), Illi- 
nois Institute of Technology campus, 
Chicago. 


Nov. 8-11—Sixty-second meeting 
of Acoustical Society of America, 
Netherland-Hilton Hotel, Cincinnati, 
Ohio. 


Nov. 12-15—Annual Meeting of 
Air-Conditioning and Refrigeration 
Institute, The Homestead, Hot 
Springs, Va. 


Nov. 13-16—Conference on Mag- 
netism and Magnetic Materials 
(sponsored by AIEE), Hotel West- 


ward Ho, Phoenix, Ariz. 


Nov. 13-17—Annual Meeting of 
National Electrical Manufacturers 
Association, Traymore Hotel, At- 


lantic City, N. J. 


Nov. 14-16 — Northeast Research 
and Engineering Meeting (sponsored 
by IRE), Commonwealth Armory 
and Somerset Hotel, Boston. 


Nov. 14-16— Mid-America Elec- 
tronic Conference (sponsored by 
IRE), Linda Hall, Kansas City, Mo. 


Nov. 27-30—ASME Winter Annual 
meeting, Statler-Hilton Hotel, New 
York City. 


Nov. 29-30—Tenth Annual Wire 
and Cable Symposium (sponsored 
by U. S. Army Signal Research and 
Development Laboratory), Berkeley- 
Carteret Hotel, Asbury Park, N. J. 


Dec. 11-13—Symposium on Metal 
Joining (sponsored by Pennsylvania 
State University), campus of Penn- 
sylvania State University, University 
Park, Pa. 


Jan. 9-11—Eighth National Sym- 
posium on Reliability and Quality 
Control (sponsored by AIEE, ASQC, 
EIA and IRE), Statler Hilton Hotel, 
Washington, D. C. 
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TUNG-SOL 


6977 


subminiature 
indicator triode 


saves display space 
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Here’s an indicator triode for computer and 
business machine applications that will re- 
place neon lamps in computer circuits. It has 
the advantage of low voltage drain with great 
economy of display area. 

The Tung-Sol 6977 is a filamentary, high 
vacuum, subminiature triode with a fluores- 
cent anode. Especially advantageous in tran- 
sistorized circuits, its high input impedance 
and small signal requirements do not load 
these circuits. 

Tung-Sol design and manufacturing skills 
are being applied constantly to the problems 
of improving componentry in all fields where 
industrial and special purpose tubes find 
their specialized uses. 
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If you have questions regarding the appli- 
cation of type 6977, or any tube type, you 
are invited to bring them to Tung-Sol. You 
will be pleased with the results. Tung-Sol 
Electric Inc., Newark 4, N. J. twx:nk193 

TYPICAL OPERATION 


Heater Voitage® AC 1.0 
Anode Voitage 0C 60 Volts 
Grid Resistance 100,000 Ohms 
Grid Supply Voitage for max. light output 0 Voit 

Grid Supply Voltage at zero light output -3 Volts 


Voits 


TECHNICAL ASSISTANCE IS AVAILABLE THROUGH: 
Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; Dallas, 
Tex. ; Denver, Colo.; Detroit, Mich.; Irvington, N.J.; Melrose 
Park, tll.; Newark, N.J.; Seattle, Wash. In Canada: Abbey 
Electronics, Toronto, Ontario, 


(s) TUNG-SOL 





HOW DO YOU 
LIKE YOUR 


BOOK Reviews 


Edited by Arnotp E. Ruban, 


Associate Editor 


Electromechanical System The- 
ory, H. E. Koenig and W. A. Black- 
well, McGraw-Hill Book Company. 

choice of sub-panel Inc., New York (1961), 504 pages, 
or terminal straps $14.50. 

The emphasis in this work is on the 
orderly formulation of system equa- 
tions as being the most important 
phase of systems analysis; the reader 
is assumed to have working knowledge 
of the various systematic procedures 
for obtaining solutions to the associ- 
ated sets of equations. The basic 
approach is the application of linear- 
graph theory beyond electrical networks 
to the electromechanical, hydraulic, 


CONSISTENT HIGH QUALITY ‘i mechanical and electronic elements of 


systems. 


: 
; 
| 


| 
i 
} 





| Transient Circuit Analysis, Y. H. 
WITH SINGLE DOOR? ; Ku, D. Van Nostrand Company, Inc., 
And a choice of more than 60 standard models in stock to fill any need you Princeton, N. J. (1961), 441 pages, 
may have including sizes 6” to 24” deep to accommodate even the largest $13.00 
control components! Hoffman was the first to build this type of oil-tight Usi ee et od f 
enclosure and is known for advanced, progressive engineering design. sing a combined Fourier-transiorm 
and Laplace-transform approach, the 


: | author discusses linear electrical and 
TWO DOOR? 


: — mechanical systems and reviews ordi- 
Floor a and ene ee aetme, nary differential equations and the 
TE EEN Sy k Routh-Hurwitz criterion for testing the 
up to 7’ in height immediately available from stock. é miter 
presence of real roots. Linear-circuit 
analysis and analysis of feedback con- 

trol systems are also covered. 


Fuel Cells: Power for the Future, 
D. R. Adams et al, Fuel Cell Re- 
search Associates, Cambridge, Mass. 
(1960), 160 pages, $18.75. 

This book discusses the use of fuel 

cells in the electric power and other in- 


; MULTI-DOOR? dustries, the current state of develop- 
if a ee os inlet Raeeteetns calbeite wp ve 15 ment of these devices, comparison of 
ma or e recen in- . . 
troduced Square Ser feet long made of 10 gauge steel thom coe : — heat of 
ee ae with welded seams and sturdy in- power, t eir ; commercia easibl ity, 
cechesienitinaniiahin ts side framework for rigid support. their engineering advantages, and their 
a number of sizes—and Available in 3, 4 and 5 door mod- applications. 


eT oe els, gasketed to shut out oil, dust, 
fect protection for both water. Hoffman produces them in Introductory System Analysis: 


personnel and equipment. quantity to save you money. Signals and Systems in Elec- 


trical Engineering, W. A. Lynch 
AND HERE’S A NEW SLANT as ae . and J. G. Truxal, McGraw-Hill Book 
ON PUSHBUTTON BOXES! oie Be oe E Company, Inc., New York (1961), 


Slanted top panel for easy operation and ie Ps. 445 paces, $7.50. 
readability. A welcome improvement— s Among the topics covered in this book 
can you use it? Choice of 13 sizes Er a 


in stock for fast delivery. are: physical and analytical signals, 
— Se the nature of system analysis, construc- 

ENGINEERING CORPORATION tion of circuit diagrams, electrical cir- 

Dept. ET-i81 » Anoka, Minnesota cuit elements, electrostatic and mag- 

EXPERIENCE” netic phenomena, electrical network 


OR WITH SIDE-MOUNTED 
DISCONNECT SWITCH? 
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TO THE ENGINEER 


who needs the magic of mercury 


AE 
0 AN 
DO 


| 


OCTOBER 1961 


If you’re stymied by switching problems in 
data processing, automatic control or high- 
speed keying, then consider the unusual 
attributes of AE’s Series V51 mercury- 
wetted contact relay. 

This fleet switcher can be driven at speeds up to 
100 operations per second, completely free from 
contact bounce. It requires no maintenance within 
its life of over a billion transfers. The contacts 
can switch dry circuits or handle loads up to 250 
volt-amperes. Operate and release time is approxi- 
mately 3 milliseconds. 


Contact and armature assemblies of the V51 
are hermetically sealed in a glass capsule 
with a high-pressure hydrogen atmosphere. 
Mercury wetting continuously renews the 
contacts, eliminates wear, erosion, welding 
and sticking. Operating sensitivity is 250 
milliwatts, minimum. 

AE engineers will be glad to aid in applying 
the V51 to your designs. Ask for Circular 
1988 covering full specs on the V51. Write 
the Director, Control Equipment Sales, Auto- 
matic Electric, Northlake, Illinois. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


Circle 163 on Inquiry Card 





The reliable 
line with 
wide range 
design 
flexibility ! 


Standard Types 
from 5 to 
1000 Watts 


Vee 


| ae 
iii 
ee ee 
| | 
Fa ee ane 


RHEOSTATS 


“Gray Line” Rheostats are 
exceptionally rugged .. . 
feature proven principles 
of construction that meet 
the most exacting specifi- 
cations. Special design fea- 
tures assure long life and 
protection under extremes 
of humidity and abnormal 
atmospheric conditions. 
The “buss bar” contactarm 
automatically adjusts for 
complete, continuous con- 
tact and smooth, flexible 
control. H-H blue-gray, 
high temperature enamel 
is thermo shock proof, 
gives increased service life. 


Hardwick Hindle “Gray Line” 
Rheostats, Resistors,and Po- 


tentiometers are ver.) 
= 


available nation- 
wide at all H-H 
authorized dis- 
tributors. 

HARDWICK 
HINDLE:- INC 
40 Hermon Street 
Newark 5, New Je 


of Quality 
since 1924 
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| characteristics, signal-flow graphs, dy- 

namics of undriven systems, relations 
between transfer functions and time 
responses, and types of computers. 


IRE Dictionary of Electronics 
Terms and Symbols, Institute of 
Radio Engineers, New York (1961), 
225 pages, $10.40. 

Definitions and symbols contained in 

IRE Standards over the past 18 years 

are brought together in this book. 

About 3700 technical terms are defined, 

and both graphical and letter symbols 

are presented. 


Electronic Packaging with Re- 
sins, C. A. Harper, McGraw-Hill 
Book Company, Inc., New York 
(1961), 339 pages, $11.00. 

Epoxies, polyesters, silicones, urethanes 
and polysulfides are some of the ma- 
terials treated in this work, which also 
studies modifiers, tools, fixtures, pro- 
cessing equipment for mixing, curing 
and testing methods, and manufactur- 
ing controls. 


Engineering 
Standards 


| Definitions for Feedback 
Control Systems 


The National Electrical Manufacturers 
Association (NEMA) has recently is- 
sued a set of definitions for Feedback 
Control Systems. Designated Pub. No. 
AS 1-1961, the definitions may be ob- 
tained from NEMA at 155 E. 44 St., 
New York 17, N. Y.; price, 35 cents. 
The definitions are the result of work 
carried out by the Industrial Auto- 
matic Systems Section of NEMA, which 
has also just completed a_ proposal 
consisting of about 175 definitions of 
computer terms. This proposal is in the 
process of being sent to NEMA members 
for approval. 

NEMA standards and definitions are 
adopted in the public interest and are 
designed to eliminate misunderstand- 
ings between the manufacturer and the 
purchaser and to assist the purchaser 
in selecting and obtaining the proper 
product for his particular need. The 
existence of a NEMA standard does 
not in any respect preclude any mem- 
ber or non-member of the Association 
from manufacturing or selling products 
not conforming to the Standard. 

The publication of these Definitions 
will be of interest to many engineers 
in the field since there has been much 
discussion between technical societies 





“Leadership in 
semiconductors” 


FOR TECHNICAL ASSISTANCE AND SERVICE 
CONTACT THE TRANSITRON FIELD OFFICE 
NEAREST YOU AS LISTED BELOW. 


BALTIMORE, Maryland 

2319 Maryland Ave 

BOSTON, Massachusetts 
168-182 Albion St. 

Wakefield, Mass 

CAMDEN, New Jersey 
Terrace Office, Park View Apts. 
Collingswood 6, N. J............-. ULysses 4-7082 


CHICAGO, Illinois WAlnut 2-3664 
6641 W. North Ave. 

Oak Park, III 

CLEVELAND, Ohio 

14625 Detroit Ave. 

Lakewood, Ohio 

DALLAS, Texas 

511 Braniff Airways Bldg. 
Dallas 35, Texas 

DAYTON, Ohio 

379 W. First St 

DENVER, Colorado 

First National Bank Bldg. 

621 Seventeenth St 
DETROIT, Michigan 

2842 West Grand Blvd 
KANSAS CITY, Missouri 
Wirtham Bldg. 

31st and Troost Sts 

LOS ANGELES, California 
6362 Hollywood Blvd. 
Hollywood 28, Calif 
NEWARK, New Jersey 

1060 Broad St 

ORLANDO, Florida 

#10 Jacklind Bldg. 

205 E. Jackson St 

PHOENIX, Arizona 

2727 North Central Ave 

ST. PAUL, Minnesota 
Griggs-Midway Bldg. 

1821 University Ave 

SAN DIEGO, California 

3620 30th St 

SAN FRANCISCO, California 
535 Middlefield Rd. 

Palo Alto, Calif 

SEATTLE, Washington 

3466 East Marginal Way South 
SYRACUSE, New York 

2360 James St HOward 3-4502 
WINSTON-SALEM, North Carolina 
Nissen Building 

310 W. Fourth St 

CANADIAN SALES: 

Transitron Electronic Corporation of Canada Ltd. 
Toronto and Montreal 


CHesapeake 3-3220 


245-5640 


Village 8-5556 
ACademy 1-9191 


Fleetwood 7-9448 


BAldwin 4-965] 


AComa 2-1686 


875-2440 
VAlentine 1-1819 


HOllywood 2-2381 


MArket 3-3151 


CHerry 1-4526 


CRestwood 7-3366 


Midway 6-1891 


CYpress 7-3708 


DAvenport 1-2064 


MAin 4-0783 


PArk 3-0363 


dranginoe, | 


Sales offices in principal cities the U.S.A. & Europe 
cable address: 
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NTT EXPANDS ITS 


PAGHAGED 
ASOEMBLY 
we) 


First to introduce the REF-AMP, Transitron, a 5-year pioneer in the 
development of packaged semiconductor assemblies, is pleased 
to announce the broad expansion of its Special Products Service 
Department. In response to the increasing demand for packaged 
assemblies, Transitron offers the electronic industry a growing line 
of standard assemblies as well as a highly versatile and flexible 
custom design service. 


WELDED CIRCUIT PACKAGES Transitron custom-assembles and en- 
capsulates any variety of three-dimensional circuit configura 

of conventional, miniature or micro-miniature ¢ 

tion of advanced production processes, 

ing, assures strong, uniform joints and results 

sity, light weight and high structural reliability 

made packages are: 


FLIP-FLOP 


A general purpose flip-flop module 
capable of counting at s s of 3-5Mc 
and operating as a logic element at bit 
rates in excess of 2Mc. 
eeenee Data) 

requency in excess of 3Mc 
Suni Voltage 12 Volts DC + 30% 
Power Dissipation (typical) 150mW 
Clock Rate in excess of 2Mc 
Maximum Load 1.5KQ 


LOW LEVEL AMPLIFIER 


Gives high input impedance and low 
noise performance with a voltage gain 
of approximately 20. 

(Tentative Data) 

Input Impedance 500KQ 


3 to 5 WATT AUDIO AMPLIFIER 


Contains a stable — push-pull am- 
plifier circuit capable of up to 5 Watts. 
itage Supply 18 Volts 
‘o y 'o 
Maximum tin Voltage i Volt p.p. 
from 3KQ cad resistance fe 
Maximum Linear Output (Push-Pull) 
3 Watts (20 0 load) 
Band mn 20,00) cps 


VIDEO AMPLIFIER DOUBLET 


Utilizes a stable gain circuit giving a broad flat band width and rela- 
tively low noise operation. 


aw 
nd width 
20 cps to 7Mc 
bees = Supply 
22 Volts 


Sees Gain of approximately 20 per 

dou 

Equivalent Input a Current over 
entire ee pray typically less 


MULTIPLE plove COMPLEMENTARY PAIR | DIFFERENTIAL input PaR | PACKAGED REFERENCE ASSEMBLIES 


SEMICONDUCTOR ASSEMBLIES 


An extension of standard assembly 
techniques has resulted in the pack- 
aging of a number of devices in the 
same space normally occupied by one 
standard transistor package. Transi- 
tron’s compact packaging features 
electrical isolation, c thermal 
proximity between iunctions, match- 
ing of specific electrical specifications, 
and reduction of external connections. 
Three typical Transitron Multiple 
Assemblies are: 


A further diversification of Transitron’s packaged 


standard line of quality silicon references . . 

Selecting from among its most reliable and stable units, in- 
cluding devices used in the Minuteman missile, Transitron 
combines for the first time both temperature-compensation 
and close tolerances in a double anode 

assembly. Further efforts have also Seat al 
reference assembly which offers precision tolerance reference 
voltages (10 to 100 volts) in a package especially suited for 
rene ‘covuaies ask for Transitron’ 

or further in’ s “Packaged 
Reference Assembly” bulletins. 


Trangitron 
electronic corporation 


wakefield, melrose, boston, mass. 


rw) ems a A AR 
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CUSTOM _%2 Jour 


IRON CORES Specifications 


\ 
biel 
¢ ) MT La es 
o Micromodular 
and Special 
TOROIDAL cur Applications 


~ A COI FORM TUNING 


Never a problem in meeting Mil. Specs., when your “blue 
print’ specifies Iron Cores from Permacor*. 


Also, iron core environmental testing facilities available. 


Mtoe lel Tit 1 
Engineered 
total uah & 
lron Cores e 
for 
Commercial 


and Military 
Applications 


Ours alone . . . ENGINEERED ECONOMY® IRON CORES at low cost from 
stock. Over 14 types for most threaded and insert applications. 

As the world’s largest producers of iron cores, we have the biggest, 
most expert engineering staff for designing, producing and 
recommending those custom iron cores that are best for your jobs. 


a PERMACOR 
2 : Ww | 
Engineer*™8 valid lesbos: 


Service + ** The Iron Core Division of 


Radio Cores, Inc. 


* Trade Mark 9540 Tulley Avenue, Oak Lawn, Illinois + Phone: GArden 2-3353 
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COST = 
HOWARD a 
H.P. INDUCTION 
MOTOR 


for Typewriters—Business Machines— 
Computors—Recorders—Appliances— 
MORE POWER, SMALLER SIZE, LONGER 
LIFE, TOUGHER CONSTRUCTION... ALL 
AT LOWER COST! 

© 3” diameter—26 frame size @ 2 pole ratings 
from 15 milli-h.p. to 1/10 h.p. ¢ 4 pole ratings 
from 15 milli-h.p. to 1/20 h.p. © Available in 
hysteresis synchronous, permanent split 
capacitor, split phase and capacitor start 
models © Single or double shaft © Resilient 
mount, foot mount or face mount 


Write today for samples and prices! 








Divisions: Gx Electric Motor Corp. @&} Cyclohm Motor Corp. CS) Loyd Scruggs Co. 
Ra.ine Electric Products 


HOWARD INDUSTRIES, INC. © 1720 State Street ¢ Racine, Wisconsin 
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| (in particular the Feedback Control 
| Systems Committee of AIEE) and 
| manufacturers’ associations regarding 
the formulation of standards and defin: 
tions in the control-system field. 


| ASA Standards 


| €79.1-1961, American Standard No- 
| menclature for Glass Bulbs Intended for 
Use with Electron Tubes and Electric 
Lamps, $1.00. Specifies the use of the 
third-letter symbol covering changes in 
anode connectors (type, location or 
number) over an existing designated 
bulb. 

C7.20-1960, American Standard 
Specifications for Hard-Drawn Alumi- 
num Wire for Electrical Purposes, 30¢. 

C7.24-1960, American Standard 
Method of Test for Resistivity of Elec- 
rical Conductor Materials, 30¢. 

C7.38-1960, American Standard 
| Specifications for Silver-Coated Soft or 
Annealed Copper Wire, 30¢. 

C7.40-1960, American Standard 
Specifications for Aluminum Wire for 
Communications Cable, 30¢. 

C-7.41-1960, American Standard 
Method of Test for Stiffness of Bare 
Soft Square and Rectangular Copper 
Wire for Magnet Wire Fabrication, 30¢. 

C7.42-1960, American Standard 
Specification for Half-Hard Aluminum 
Wire for Electrical Purposes, 30¢. 

C7.43-1960, American Standard Spe- 
cification for Rectangular and Square 
Bare Aluminum Wire for Electrical 
Conductors, 30¢. 

Z76.4-1961, American Standard 
Hardness Conversion Tables for Metals, 
30¢. Specifies the relationship between 
Brinell hardness, diamond pyramid 
hardness, Rockwell hardness and Rock- 
well superficial hardness of carbon, 
alloy and tool steels, nickel and high- 
nickel alloys and cartridge brass. 

Copies of the standards are avail- 
able from the American Standards As- 
sociation, 10 E. 40 St., New York 16. 





UL Standards 


512, Fuseholders. Covers fuseholders 
for 125-volt Edison-base and Type S 
plug fuses with 30-amp or lower con- 
tinuous-current ratings, fuseholders for 
250- and 600-volt cartridge fuses with 
600-amp or lower continuous current rat- 
ings, and devices to adapt Type S plug 
fuses for use in the Edison-base type 
of plug fuseholder. 

560, Home-Laundry Equipment. 
Covers automatic and non-automatic 
clothes dryers of the revolving-drum 
type, electric washing machines, and 
combination washer-dryers rated-at 250 
volts or less and intended for house- 
hold use, in accordance with the Na- 
tional Electrical Code. 

Copies may be obtained from Under- 
writers’ Laboratories, Inc., 207 E. Ohio 
St., Chicago 11. 
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Looking fora compact 1 to 10 watt Germanium Power 
Transistor with this kind of top level performance? 


Top reliability is built into each Honey- 

well transistor. Vacuum baked, given 

rigorous life and dynamic tests, each is 

enclosed in a new cold-welded minia- 

ture case with threaded mounting stud. 

“Size Designed for general use, the Honey- 

well 2N1658 and 2N1659 are ideal for servo 

amplifiers, relay drivers, high power unit driver 

stages, and as medium power switches. Measur- 

ing only 0.35 inches in diameter, they handle 
one to ten watts! 

You'll want data sheets, including character- 
istic curves and servo amplifier circuit diagram, 
for your files. Fill out and mail the coupon 
today! 


Honeywell 
[H] Semiconductor Productr- 


e Leakage—Icxo less than 0.5 ma at 80v, 
2N1658—60v, 2N1659 

e Saturation voltage—V cr (sat) less than 0.25v 

e Floating potential—Vrpr less than 0.25v 

e Thermal resistance—9 .mp 5° C /watt max. 

(Ts max., 100° C) 
eGain—hrg 30 min @ 0.2 amp; hrg 20 min 
@ 1.0 amp 

e Frequency response—500 kc minimum gain 

bandwidth product 


e Power dissipation—15 watts at 25° C, 6 watts 
at 70° C 


Pe we Eee ee 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
SEMICONDUCTOR DIV. ¢ MINNEAPOLIS 8, MINN. 


Yes, send me bulletins on the new Honeywell 2N1658 
and 2N1659. 
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COMPACT 300 VOLT CONTROL RELAY Space 


Savingest relay ever! So reliable it is permanently enclosed 








D-C UNITIZED CONTACTORS. 
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New from Cutler-Hammer 


New products, new ideas to help your business now 


The air is charged with new ideas at Cutler- 
Hammer .. . ideas and products resulting from 
our new production facilities, new engineering 
talent, new research programs, and most important 
of all—a new desire to serve you better in the sixties. 
Evidence of this vitality and what it can mean 
to you are these eight typical new products. 


‘tJ SIZE 5 STARTER Available as starter or contactor. 
erode EEL 


. Open dimensions only 13” x 15%6" x 7%". 





See ee 
x 


You can expect more news from Cutler-Hammer 
around the calendar. Give your Cutler-Hammer 
sales office or distributor a call. They’re all charged 
up too—anxious to tell you more about what's 
new at Cutler-Hammer. For descriptive literature 
on any of these products, write Cutler-Hammer 
or call your nearest Cutler-Hammer distributor. 





MOST VERSATILE FOOT SWITCH YET Choice of 4 


operating variations by changing nylon cam position. 


ah 








For steel or slate 
panels, front or back wiring. Six sizes 25 to 600 amperes. 





| \''! UNITROL DESIGN in choice of three depths (20”, 15”, 
12”) gives more flexible motor control center 


WHAT’S NEW? ASK... 


CUTLER-HAMMER 





! ILLUMINATED PUSHBUTTONS Newest addition to 


this versatile oiltight line. Dozens of types, many colors. 


| ow | 


Cutler-Hammer tnc., Milwaukee, Wisconsin e Division: Airborne Instruments Laboratory e« Subsidiary: Cutler- 
Hammer international, C. A. « Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A, 
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[‘T\"'! SPACE-SAVING 00 STARTER Takes 20% less space, 
costs 18% less than Size 0. 


e 
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“'! MOST RELIABLE LIMIT SWITCH EVER This oiltight 
switch outlasts others by far. Many operator options 





Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of Elec- 
tro-Technology, the board of editors 
determines which editorial articles 
are to be made available to readers 
in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular Electro-Technology 
reader qualifies for one copy of 
all single-article reprints, without 
charge. 

The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


(1) 928—Improving Analog-Circuit Reliability 
with Redundancy Techniques, October 1961, 
10 pages. A summary of the results obtained by 
the application of redundancy to various types of 
analog circuits and devices. Both passive and 
active (switching) redundancy are described and 
compared. Formulas are derived for ascertaining 
actual reliability improvement to be expected. 


(1) 904—Hyperbolic Functions, October 1961, 
6 pages. Hyperbolic functions and inverse hyper- 
bolic functions are defined in terms of e* and 
e*. All algebraic and trigonometric properties and 
their associated operations are derived from the 
basic definitions. The transmission-line problem is 
broadly discussed and its solution as a network is 
found to be ultimately dependent on hyperbolic 
functions. 


1 926—Transient Protection for High-Fre- 
quency Transistors, September 1961, 3 pages. 
Three common types of transistor circuits (video 
and r-f amplifiers, mutually coupled amplifiers, 
etc.) are analyzed with a view to discovering 
what causes transistor failures due to switching 
transients. Proper designs to prevent undesirable 
transients are prescribed. 


C] 935—Copper-Base Alloy Spring Materials, 
Seprember 1961, 6 pages. The properties of cop- 
per-alloy spring materials are investigated and 


evaluated for design-engineering applications. 
Materials-selection factors are studied and limiting 
design factors for the materials are given. Selection 
of standard materials is logically studied for choice 
in design, and then extrapolated to the newer 
alloys. A special two-page chart lists alloy classes 


and their properties, plus a cost evaluation of the 
materials. 


C) 925—Digital Logic Modules, September 
1961, 9 pages. The theory of operation of the 
various types of logic circuits (diode gates, tran- 
sistor-resistor logic, direct-coupled transistor logic, 
etc.) is explained and examples of the many vari- 
ous commercially available modules to perform 
these functions are given. Electrical and physical 
characteristics of modules made by eighteen differ- 
ent companies are included. 


0) 937—Semiconductor Failure Analysis Using 
Characteristic Curves, August 1961, 4 pages. 
Various types of semiconductor failures ( mechanical 
stress, voltage breakdown, degradation, etc.) are 
described and their causes enumerated. Illustrations 
show how each type of failure affects the charac- 
teristic curve so that it can be recognized when 
testing components. 


[) 952—Frequency Dependence of Electric 

- . » @ Design Consideration Analysis, 
August 1961, 7 pages. The results of an intensive 
research program at The Johns Hopkins University 
Dielectrics Laboratory to determine the breakdown 
values of electrical insulation at frequencies up to 
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Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of Number of pages 
Reprints 4-12 16-32 


1 Gratis Gratis 
5 $2.00 $3.75 
10 3.75 6.00 
25 7.50 12.50 


100 mc. Data are summarized and analyzed on 31 
different classes of materials, including plastics 
molding compounds, resins, plastics laminates, 
ceramics, glass and mica products. 


(1 941—Human Facrors Engineering Standards, 
August 1961, 7 pages. The basic considerations 
underlying the development of human-factors 
standards and specifications for a given system are 
discussed. Step-by-step procedures are described as 
applied to equipment designed for the Polaris sub- 
marine, but that may be adapted for other systems 
as well. Such procedures involve system component 
search and evaluation from the human-factors 
standpoint. Selected design “guidelines” and “‘check- 
lists’’ that resule from procedures and studies are 
included in this article as illustrations. 


(0 936—Relay Designers and Users Meet, July 
1961, 5 pages. A summary report on selected 
papers presented at the Ninth National Confer- 
ence on Electromagnetic Relays. Subjects covered 
by the papers reviewed are: relay-contact failure, 
special telephone-relay contacts, a contact spring 
for reduced chatter in high-speed relays, high- 
speed relay operation with minimal power, dry- 
reed relay logic device, r-f interference suppression, 
and rating and testing methods. 


™ 921—Factors Contributing to Backlash in 
Gear Trains, July 1961, 8 pages. Largely re- 
lating to fine-pitch spur-gear trains, effects con- 
sidered include changes in center distance, pres- 
sure angle, total composite error in gears; thinning, 
deflection and wear of teeth; also radial play 
in bearings, shaft twist, and differential expan- 
sion between housing and gears. 


- 


(0 914 Machine Tool Electrical Stand- 
ards (NMTBA), June 1960, 18 pages 
plus cover. First revision since March 
1956 of the Electrical Standards spon- 
sored by the National Machine Tool 
Builders’ Association. Present version pro- 
posed September 1, 1959 and adopred 
with interim revisions January 25, 1960. 
(See also JIC Electrical Standards for 
Industrial Equipment, page 176.) Sin- 
gle reprints, no charge. Multiple quantities 
may be obtained at the following prices: 
5-$3.75; 10-$6.00; 25-$12.50; 50-$20.- 
00; 100-$30.00. Send check with order 
payable to ELECTRO-TECHNOLOGY, 205 
E. 42 St., New York 17. 


(0 905—Key Problems in Microelectronics, 
June 1961, 6 pages. An objective examination, 
based on a field survey, of the principal obstacles 
that are still hampering full-scale production and 
wide application of microelectronic devices ( dis- 
crete components, 2-D integrated circuits, solid- 


state circuits, molecular function blocks). In 
addition to the factors of economics, the dis 
cussion takes in problems of techniques, relia- 
biliry, standards and relationship between system 
and device engineering. 


(0 920—Effects of Corona on Vimy! Electricat 
Tape, June 1961, 6 pages. Results of evaluation 
program show that corona resistance of vinyl 
electrical tape depends on electrical stress, mechan- 
ical elongation, humidity, type of electrode and 
specimen geometry, among other factors. Actual 
test data are given and the physical effects of 
corona on specimens are illustrated. These data 
are important owing to increasing use of vinyl 
under corona conditions and previous lack of 
meaningful evaluation. 


(1 916—Semiconductor Rectifier Characteris- 
tics, June 1961, 8 pages. Terms used in describ- 
ing rectifier characteristics are defined. Various 
ways of measuring and interpreting the forward 
and reverse characteristics are discussed. Includes 
design of circuits to be used in testing cells, 
including load tests. Things to look for in analyz- 
ing test results are pointed out. 


(C) 922—Designing Electronic Transformers on 
a Digital Computer, May 1961, 7 pages. Dem- 
onstration of the iterative procedures used to 
optimize the design of a line of single-secondary 
transformers in the range of 4 to 3230 va core 
rating within limits of overall performance. 
Modifications of the computer program for de- 
signing rectifier plate transformers and linear 
inductors are included. 


(0 942—Control-System Analysis by Analog 
Simulation, May 1961, 5 pages. Principles of 
analog simulation, based on similarity of system 
equations of mechanical and electrical systems, 
are applied to analysis of linear and non-linear 
control systems. Methods of building up the 
analog circuit using basic operational amplifier 
with feedback are given. 


(] 943—Simplifying Switching Circuits with 
Boolean Algebra, May 1961, 6 pages. Discusses 
gains to be obtained in reducing circuit complexity 
and number of components through practical use 
of Boolean principles and Karnaugh maps. The 
NAND circuit is used as a “universal connective” 
to implement a number of sample circuits. 


(0 953—The Design Analysis of Materials, May 
1961, 11 pages. Design analysis of materials as a 
prerequisite to specification is examined. In the 
Introduction, various underlying factors are dis- 
cussed and the basic analytical approach given; in 
Part 1, principles are applied to classes of materi- 
als in terms of inherent characteristics, effects of 
form and configuration, environmental problems 
and cost vs intrinsic performance value; in Part 
2, principles are applied to general considerations 
and to external factors, including purity of ma- 
terials, effects of fabrication, and influences of 
research and test methods. 


(0 939—Spring Design for Electronic Equip- 
ment, April 1961, 8 pages. Typical applications 
of small compression, extension, torsion, and flat 
springs are considered, with examples worked 
out with the aid of established equations and 
tabular data on material properties. Conservative 
stress values are in line with military reliability 
norms. 


(0 927—Superconductive Circuits for Comput- 
ing Machines, April 1961, 12 pages. Gain and 
time constants of wire-wound and film type cryo- 
trons (operating at temperatures approaching 
absolute zero) are compared. Characteristics of 
cross-film types are given and their use illustrated 
as storage cells and as logic gates, adders and 
shift registers. Because of their minute size and 
very low power losses, wide use of cross-film 
cryotrons is foreseen in extremely compact digital- 
computer systems. 


(0 948—How to Make Basic D-C Measure- 
ments—2, April 1961, 11 pages. Following the 
discussion of basic units and precision d-c measure- 
ments of the May 1960 article (in Electrical 
Manufacturing), the author offers details of 
standardizing methods for resistance devices: 
various forms of bridges, shunts and volt boxes. 
Circuits and illustrations fully support the text. 
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PRODUCTS OF ADVANCED SEMICONDUCTOR TECHNOLOGY 


INTERNATIONAL 
RECTIFIER 
SILICON 
CONTROLLED 
RECTIFIERS 





z 


Beyond the advanced design opportunities they present, International Rectifier 
Silicon Controlled Rectifiers possess significant technical advantages: 
ELECTRICAL CHARACTERISTICS representative of the highest state of the 
art. MECHANICAL CHARACTERISTICS that provide rugged packages in 
urations that have become industry standards...directly inter- 
changeable with other makes. RELIABILITY that stems from two and a 
half years of continuous refinement of production techniques, test procedures 


config 













are the remarkable solid-state devices 
provide complete contro! of current turn-on 
microsecond switching speeds with no moving 
parts...no contacts. In the field of _ 
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3 AMPERE RATED SERIES — 8 TYPES — TEMP. RANGE: —30°C to + 
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AMPERE RATED SERIES — 8 TYPES — TEMP. RANGE: —30°C to +105" 
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10 AMPERE RATED SERIES — 8 TYPES — TEMP. RANGE: —30°C to +100°C 
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16 AMPERE RATED SERIES — 8 TYPES — TEMP. RANGE:-~30°C to +125°C | 


[Bm fo | s[ os | ow 


For detalied data on all types, request Bulletins SR-350 thru 354, 


and rigid military quality control programs including the U.S. Army Signal 
Corps RIQAP plan, a distinguishing mark of quality assurance awarded to 
International Rectifier for six consecutive years. As a source of supply, 
International Rectifier extends these benefits: APPLICATION ASSISTANCE 
without delay from three strategically located engineering groups. DELIVERY 
from stock on most types...from the factory or from 65 industrial distributors. 
PRICE AND DELIVERY attractively competitive on both counts...TRY USI 


WRITE FOR DETAILS ON HOW YOU MAY OBTAIN SAMPLE SCR's AT NO COST ON THE NEW IR COOPERATIVE SAMPLING PROGRAM! 


INTERNATIONAL RECTIFIER CORPORATION 
EL SEGUNDO, CALIF. - PHONE OREGON 8-6281 - CABLE RECTUSA 


REGIONAL OFFICES IN NEW YORK CITY, CHICKERING 4-0748 - FORT 
LEE, NEW JERSEY, WINDSOR 7-3311 - SYRACUSE, NEW YORK, 
HEMPSTEAD 17-8495 - CAMBRIDGE, MASSACHUSETTS, UNIVERSITY 
4-6520 - ARDMORE, PENNSYLVANIA, MIDWAY 9-1428 + SILVER SPRING, 
MARYLAND, JUNIPER 9-3305 - CHICAGO, ILLINOIS, JUNIPER 3-3085 - 
BERKLEY, MICHIGAN, LINCOLN 8-1144 - LOS ANGELES, CALIFORNIA 
OREGON 8-6281 - IN CANADA: TORONTO, ONTARIO, PLAZA 9-2291 






IMMEDIATE OFF-THE-SHELF DELIVERY FROM 
65 INDUSTRIAL DISTRIBUTORS THROUGHOUT THE U.S. 


SILICON ZENER DIODES — 1863 TYPES 
Ratings: 250mw to 10w/2.6 to 30 Volts 


s 


BS 


* 
s 


INTERNATIONAL 


HIGH VOLTAGE RECTIFIERS 
Ratings: to 440ma_/to 16,000 PRV 


157 TYPES SILICON POWER RECTIFIERS — 187 TYPES 


Ratings: to 250 amps/to 600 PRV 


SUBMINIATURE GLASS DIODES — 49 TYPES 
Ratings: to 200ma/to 380 PRV 








PRODUCT APPLI 
TELEX/AEMCO 


An alarm! The dispatcher alerts the fire fighters 
—shouts directions! Rigs are started and upon 


SINGLE COIL : 
CATCHING RELAY the push of a button, the doors must raise. Sec- 
onds count. 


Door operators contain relays—relays that 
must perform with instant positive action. 


One relay is preferred—more than 35 door 
operator manufacturers specify TELEX /AEMCO 
type 48 single coil latching relays. The difference 
is the patented latching mechanism. 


Write for bulletin B48GC for complete descrip- 
tive data and specifications. 


A new and complete catalog of 
TELEX/AEMCO relay and timer 
products is now ready for you. Write 
today on your letter-head for your 
free copy. 

Your inquiry about special relay 
requirements is invited. TELEX/ 
AEMCO specializes in design and 
production of special relay types. 


TELEX/AEMCO enn eee eee, 
Mankato, Minnesota 
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00 923—Stability of Epoxy-Encapsulated Mag- 
net-Wire Systems—An Analysis of Compati- 
bility Factors, March 1961, 9 pages. Rapid 
increase in the use of encapsulated windings and 
coils in motors and other applications creates a 
need for studies of the compatibility’ berween 
resin encapsulant and magnet-wire insulation. 
This article reviews basic parameters in encapsu- 
lated magnet-wire system design, describes test 
methods used in incompatibility studies, and pre- 
sents summaries and interpretations of test data ob- 
tained from several major test programs. 


0 945—Network Synthesis—-Some Notes on 
the Synthesis of RLC Transfer Functions and 
Constant-Resistance All-Pass Lattice Networks, 
February 1961, 2 pages. The basic principles of 
network synthesis, as presented in the January 
1961 issue Science & Engineering article, are 
applied to the synthesis of RLC transfer functions 
and constant-resistance all-pass lattice networks. 


0 946—Reliability through Redundancy and 
Error-Correcting Codes, February 1961, 8 pages. 
The problem of reliability assumes serious pro- 
portions whenever numerous hardware components 
and transmissions of large amounts of data of 
an informational and control nature are involved. 
Beyond the very definite limits of improving of 
components, the problem must be attacked by use 
of redundant components and circuits. Principles 
of redundancy in equipment and coding in data 
transmission are discussed and examples given. 


(1) 915—Advances in Magnetism and Mag- 
netic Materials, February 1961, 9 pages. A 
report on current advances in magnetic materials 
and their impact on design engineering, from 
the Sixth Annual Conference on Magnetism and 
Magnetic Materials co-sponsored by AIEE and 
AIP. Selected papers relating to the design en- 
ginering function are reviewed and interpreted: 
theoretical aspects, thin metallic films, oxides, 
high coercive force materials, metals and alloys, 
soft magnetic materials. Text supported by charts 
and graphs. 


(0 913—Editorial Index to Electro-Technology 
(formerly Electrical Manufacturing) for 1960, 
24 pages. This yearly subject-classified index is 
completely annotated, includes author index, plus 
separate indices for Editorial page, Design Trends, 
and Research Notes departments. Also reproduces 
the ELECTRO-TECHNOLOGY Subject Classification 
and Alphabetical Subject Cross index which form 
the basis of the index system. 


(0 906—Bessel and Gamma Functions, January 
1961, 12 pages. Basic principles of Bessel and 
gamma functions and applications. Bessel’s equa- 
tion and the Bessel function, recurrence relation- 
ships, the generalized form of Bessel’s equation, 
the gamma function, solution to Bessel’s equation 
and the Bessel functions of the first and second 
kind, modified Bessel functions and the method 
for deducing recurrence relationships, or basic 
identities. 


(0 909—Variabiliry in Functional Aging of 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
show that commercial grades of Mylar polyester 
film age satisfactorily as slot insulation in hermetic 
motor systems. Classical tests such as density, vis- 
cosity, extractables and shrinkage are described, 
as well as a set of functional aging test procedures 
under simulated conditions. 


() 940—Application of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and limitations of the new 
fluidized-bed process for applying electrical in- 
sulation to components and equipments. The 
process is explored with respect to design engi- 
neering and economics. Practical applications in 
new designs are developed. 


(1 918—Modular Flow Graphs for Network 
Analysis, October 1960, 9 pages. Statement of 
rules for the manipulation of simple flow-graph 
forms, and a definition and description of basic 
modules for simple two-port networks. The modu- 
lar concept is expanded to include flow graphs 
fepresenting three-terminal devices. These are 
used as modules to construct more complex flow 
graphs. 
(Continued on page 169) 
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LOOK 
FOR THE 


DIAMONDS-—SIGN 
OF FINISHING 
Meo a 


>> 4 good reasons 
you should use 
Girnpd 
Chromate 


FOR FINISHING ZINC OR CADMIUM 


CORROSION PROTECTION 


The wide range of Iridite coatings available gives you a 
choice of corrosion protection—from economical, mild pro- 
tection of parts for shipment, storage or display, to ex- 
tremely high protection under exposure to marine and highly 
humid atmospheres, gasoline or other hydrocarbons. 


PAINT BASE 


For an extremely tight bond for either baked or air-dried 
paints, non-porous Iridite blocks moisture penetration— 
prevents formation of metallic soap products beneath paint 
coatings. 


APPEARANCE 


Your choice of colors ranging from clear through yellow 
iridescent to olive drab. Bright Iridite finishes can also be 
dyed to provide other color effects. 


SPECIAL EFFECTS 


Iridite, in combination with other Allied Research processes, 
can provide a wide variety of finishes. As an example, 
Iridite 8-P applied to zinc or cadmium, followed by an ap- 
plication of Irilac, gives a highly attractive simulated brass 
finish. 


IRIDITE—a specialized line of chromate conversion coatings for 
nonferrous metals. Easily applied at room temperatures with short 
immersion times, manually or with automatic equipment. Forms a 
thin film which becomes an integral part of the metal. Cannot chip, 
flake or peel. Special equipment, exhaust systems or highly trained 
personnel not required. 


For complete information on Iridite, con- 
tact your Allied Field Engineer. He's listed 
in the yeHow pages under "Piating Sup- 
plies.” Or, write for FREE TECHNICAL DATA 
FILES, 


Allied Research Products, INC. 4004-06 cast MONUMENT STREET © BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE @ DETROIT 3, MICHIGAN 
West Coast Licensee for Process Chemicals: l. H. Butcher Co. @ European Agent: Sture Granberger, Storgatan 10, Stockholm, Sweden 


Chemical and Electro TTT © TrTLie° «i° Cnn» 
chemical Processes, Anodes, 


Rectifiers, Equipment and Supplies for Metal Finishing Chromates Coatings Brighteners Equipment 
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You get MORE THAN A MOTOR with General Electric's Form G... for example... 


Expert Motor Application 





Are you taking advantage of all the 
motor knowledge available to you? A 
phone call will bring a General Electric 
application engineer to help solve your 
motor application problems. He’s not 
only an expert on G-E Form G fhp 
motors, but in all phases of applying 
them. He can bring years of motor ex- 
perience and knowledge to bear for you. 
Why not try him? 

In addition to expert application as- 
sistance, you get these MORE THAN A 


MOTOR benefits with General Electric 
Form G motors: Years-ahead Design 
Leadership . . . Versatility Personified 
... Ease of Assembly ... On-time De- 
livery ... Fast, Local Service. 

You receive these added values at no 
extra cost. So why settle for less? 

Form G fhp motors are available in 
NEMA 48 and 56 frames. For more in- 
formation, call your G-E Sales Engineer 
or write to Section 721-07, General 
Electric Co., Schenectady 5, New York. 


THESE FORM G MOTOR VERSATILITY FEATURES 
MEAN GREATER DESIGN FREEDOM FOR YOU 


1. MOUNTING VERSATILITY—Both solid and resilent 
cradle bases permit rotation of Form G motors within 
base to meet design and space requirements. 


3. FAST VOLTAGE CHANGE-—Sliding plates on ter 
minal boards allow change from 115 to 230 v opera 
tion (or vice versa) in one-fifth the time. 


5. ALL-ANGLE OPERATION—All-angle sleeve bearing 
and positive oil retention system allow you to mount 
standard Form G motors in any position. 


2. FAST ROTATION CHANGE—Just interchange two 
leads; reverse rotation in seconds. This eliminates 
duplicate stocks for just a change in rotation. 


4. EASY, DIRECT MOUNTING—Mount Form Gs without 
expensive machining or brackets. Close end shield 
tolerances allow mounting of motor with through-bolts. 


6. COMPLETE LINE—Over 850 basic models—and 
thousands of variations—mean there’s a standard 
Form G motor for your product's exact requirements. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





Today’s most versatile 
IIl'x 17” XY-(T) Recorder 


Moseley 

Autograf Model 2DR Recorder 
mounts flush with rack, takes 
only 17*s" of rack space, is only 
deep behind control panel, 


ideal for systems use 


Accepts ac or dc input on each 
axis, includes calibrated X-axis 
time base, scale factor vernier, 
16 dc ranges, 8 ac ranges, 7 cal 
ibrated sweeps on X-axis time 
base. DC accuracy greater than 


0.2% full scale. $2450 


Now available! Models 2D-2, $1,950.00, and 2DR-2, $1,975.00, identical to above instruments, except without ac converter. 


AioTlels|R\4|— Re ©... MOSELCeY Co. 


MUrray 1-0208; Area Code 213 TWX PASA CAL 7687, Cable MOCOPAS 
Field representatives in all principal areas «+ Data subject to change without notice + Pricesf.o.b. Pasadena «+ Pioneer and leader in X-Y and and Strip-Chart Recorders 
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[) 944—Control System Representa- 
tions, December 1959, 3 pages. A chart 
showing seven basic control-system ele 
ment classifications and their various com- 
mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist diagrams 
and time constants. This chart is now being 
included in the combined reprint of the 
recent series on “‘Automatic Control System 
Design’’ (see page 176). 


{] 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September and 
October 1960, 19 pages. Physics of permanent- 
magnet behavior and design methods for open- 
circuit, permanent-magnet structures, followed by 
the more complex considerations involved in 
small air-gap magnet designs. The use of electrical 
network analogy methods is explored; examples 
support all the design method discussions. 


(0 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible Cables, 
August and September 1960, 12 pages. Part I 
includes cabling techniques and performance of 
flat-conductor flexible cables. Data are given on 
load-carrying capabilities, crosstalk, r-f attenuation, 
and on shielding techniques. Part II discusses 
application techniques and describes preferred 
methods for cable termination and connection. 


(0 951—Radiation Effects on Electrical In- 
sulation, September 1960. 7 pages. Basic para- 
meters of design in relation to the nuclear 
environment are investigated and illustrated in 
respect to the selected materials involved. Elec- 
trical properties of insulating materials and changes 
in these properties due to nuclear radiation 
energies are examined. 


[) 901—Function Generators Using the Hall 
Effect, August 1960, 3 pages. The fundamental 
voltage and geometrical relations of the Hall 
effect are presented. The possibility of using the 
Hall phenomenon for angular function generators 
is investigated, and the various potential char- 
acteristics of such generators considered. 


() 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 1960, 
4 pages. Practical, usable tables giving safe torque 
values for tightening and testing various sizes of 
steel screws in several different metals and 
laminated phenolic. 


[ 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Examples 
10 and 12 in this article (pages 100, 101, and 
102). 


(] 931—Relay Field Data Invited for Stand- 
ards Program, July 1960, 7 pages. A report on 
the Eighth National Relay Conference, with em- 
phasis on the objectives and progress of the 
Relay Testing Committee. Five award technical 
papers are summarized. 
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Science & Engineering Reprints 


Reprints of special Science and Engi- 
neering articles or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
on facing page. Orders must be ac- 
companied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 
delivery. Make checks payable to Elec- 
tro-Technology. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. (Such orders may be for multiple 
copies of one reprint, or an ‘“‘assort- 
ment” of reprints.) Prices for larger 
quantities are available on request. 


Reprint Title 
All regular $1.00 reprints §$. 
Electrical Insulation—1960 1. 
Automatic Control Systems 2. 
Boolean Algebra 
Semiconductor Electronics 


NS 
a 


ee ee et et 


Heat-Transfer Compendium 
JiC Standards 


TSVSVSwouw 
BISSSua: 


1 

1, 
The Forum 1. 

2: 


One-Year S$ & E Subscription 
Now Available 


0 For readers desiring to receive a reprint 
copy of each monthly Science & Engineer- 
ing feature as it appears, an annual sub- 
scription is now available. Subscription fee 
for one year (covering 12 monthly S & E 
articles) is $6.00. Annual subscription 
will be processed to start with the current 
month’s feature. (Special compendiums 
which are not a part of the S & E series 
are not included in this offer.) $6.00 


© Electrical Breakdown in Solids and Liquids, 
October 1961, 20 pages. The basic concepts of 
electrical breakdown are examined in relation to 
solid and liquid substances, continuing the pre- 
vious discussion of such phenomena in gases (see 
note below). Breakdown in polar and non-polar 
solids, also in amorphous and partially crystalline 
substances, is discussed. Electronic theories of 
breakdown are examined, also the nature of ther- 
mal breakdown mechanisms, breakdown initiated 
by gaseous discharge, and certain interim processes 
that lead to failure. Various experimental results 
related to liquids are reviewed. Effects of time, 
temperature and pressure (also of electrode mater- 
ials and configurations) are discussed. Graphs and 
an extensive bibliography are provided. A sum- 
mary chart compares the nature of electrical 
breakdown in the three states of matter. $1.00. 
Note: This reprint, if ordered together with a 
reprint of the first article, “The Fundamental 
Nature of Electrical Breakdown,” February 1961 
issue, may be obtained at the special combination 
price of $1.50. 


1 Electromechanical Energy Conversion, Sep- 
tember 1961, 26 pages. The dynamic nature of 


170 


(0 Heat-Flow Theory and Extended Sur- 
faces for Heat Transfer, 74 pages. An 
authoritative and thorough guide to heat- 
flow analysis, consisting of the five-part 
series of articles, “Extended Surfaces for 
Heat Transfer," February through July 
1961; the article ‘Bessel and Gamma 
Functions,” January 1961; and the S 
& E series article, ““Heat Flow Theory,” 
April 1959. Analytical design methods 
for heat-transfer surfaces in the form 
of fins and spines are covered in 
basic principles and in detail. Far more 
powerful than conventional handbook 
methods, the analysis makes possible opti- 
mal selection of shape and dimensions of 
surfaces. The article on Bessel and gamma 
functions includes tables important to 
heat-flow analysis; the supporting theoreti- 
cal principles are completely developed in 
the basic article on heat flow. $3.00 


electromechanical devices, including motors and 
generators, makes static equivalent-circuit repre- 
sentation for such devices inadequate for perform- 
ance and system analysis, especially in the all- 
important transient conditions. In this article, use 
of force-energy relations for deriving significant 
and flexible relations between electrical and me- 
chanical elements is described in detail. Methods 
of developing dynamic circuit equivalents for 
electromechanical components are induced from 
basic physical laws, and their use demonstrated. 

$1.00 


(J Electrochemical Energy Sources (June & July 
1961) and Unconventional Power Sources 
( August & September 1961), 32 pages. Contains: 
(1) a study of the characteristics and svstems design 
of several types of galvanic power sources for missile 
and space-vehicle uses—silver oxide/zinc and 
nickel/cadmium batteries; (2) reviews of the 
various types of power sources being developed or 
considered to supply more power under unusual 
circumstances—fuel cells, thermoelectric and ther- 
mionic converters, solar cells, magnetohydrody- 
namic converters, photoemissive generators; ferro- 
electric converters. $1.00 


(0 Tensor Analysis, August 1961, 18 pages. The 
methods of tensor analysis are developed, with 
emphasis on those aspects useful in engineering. 
The role of the tensor as a generalized mathematical 
statement, of which scalar and vector quantities are 
specific cases, is clarified, and various important 
transformation techniques illustrated. $1.00 


(1) Wear of Materials—Impact on Design Fail- 
ure, July 1961, 8 pages. A study of the basic 
mechanisms and resistance to wear of materials 
used in engineering design. Types of wear, theory 
and factors affecting wear are investigated. Based 
on the behavior of metals under various environ- 
ments and service conditions, valid conclusions are 
drawn from current research and development for 


(€- Casting Resins and Application Tech- 
niques for Embedment, Encapsulation, 
and Impregnation, 44 pages. A compen- 
dium of seven articles on the above sub- 
ject published in these pages during the 
period 1958-61. Articles deal with vari- 
ous aspects of the subject, and are particu- 
larly concerned with problem areas such 
as insulation systems compatibiliry and 
thermal conductivity. A bibliography of 
articles on the overall subject of electrical 
insulation and dielectrics published in 
1959 and 1960 is included. $1.00 


the prediction of wear rates and wear resistance. 
Methods for the minimization of wear are also 
presented. $1.00 


) Vector Analysis, June 1961, 20 pages. The 
powerful methods ot vector analysis are fully de- 
veloped on the basis of mathematically exact 
conceptions of vector and scalar functions and 
fields. The true nature and significance of various 
coordinate systems and the usefulness of trans- 
formations, the application of matrix and efficient 
notation systems are demonstrated. Physical ex- 
amples illustrate the methods. Primary vector 
laws such as those of Gauss and Stokes are pro- 
jected for more profound views of Kirchhoff's 
laws and Maxwell's equations. $1.00 


(0 Engineering Psychology and Human Factors 
in Design, May 1961, 24 pages. Engineering 
psychology is treated as a primary experimental 
research arm of human-factors engineering. The 
relation of man-machine-environment interactions 
to equipment and systems design for optimum 
performance is examined in the following funda- 
mental areas: The Systems Approach, Method- 
ology in Engineering Psychology, Information Sens- 
ing and Processing, Factors in Decision Making 
Man and the Control Process, Human Vigilance. 
Human Skills as Systems Considerations, Environ- 
mental Stress, and Human Interactions. $1.00 


(0 Semiconductor Electronics, 44 pages 
plus cover. A complete reference work 
for the engineer interested in the theory 
of operation of semiconductor diodes and 
transistors and in the design of circuits 
involving such devices. Beginning with a 
discussion of solid-state physics, this series 
of six articles proceeds to a detailed de- 
scription of junction diodes and trans- 
istors, their construction, and their work- 
ing characteristics. Procedures for the 
analysis of transistor networks and the 
design of amplifier and switching circuits 
are given. $2.00 


(1) Quantum Electronics, April 1961, 12 pages 
An introduction to the theory of quantum mech- 
anics written for the electrical engineer concerned 
with its application to solid-state devices such as 
semiconductors. Includes Planck's radiation theory, 
the concept of the Bohr atom and de Bro- 
glie’s hypothesis of the wave-particle duality of the 
electron. The wave equation is related to the 
Schrédinger equation. Among other aspects con- 
sidered are: observables and operators, eigen 
functions and values, the indeterminacy princi- 
ple. $1.00 


00 Probability, Statistics and the Theory of 
Games, March 1961, 24 pages. Basic patterns. 
laws and mathematical models revolving around 
the theory of probability fundamental to any 
field of application: permutations and combina- 
tions, probability of events occurring in a sample 
space, distributions, random variables, the Law of 
Large Numbers, averaging, estimation, random 
processes, correlation theory, spectral analyses, 
the Gaussian process, construction of tests, games 
theory. $1.00 


[} Fundamental Nature of Electrical Break- 
down, February 1961, 20 pages. The phenome- 
non of electrical breakdown is examined in its 
various aspects, beginning with classical theories 
of mechanisms of breakdown and concluding with 
consideration of the influence on breakdown of 
the nature of the dielectric (primarily electron 
behavior and molecular structure). Practical de- 
sign implications are drawn from theoretical dis 
cussion; physical illustrations and analogies are 
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used, in addition to mathematical derivations. 
Basic concepts discussed are drawn from phenom- 
ena of breakdown in gases—applicable to explana- 
tion of breakdown in liquids and in solids. $1.00 
Note: This reprint, if ordered together with a 
reprint of the second article, “Electrical Break- 
down in Solids and Liquids,” October 1961 issue, 
~~ oe at the special combination price 
oO! -50. 


© Introduction to Network Synthesis, January 
1961, 20 pages. Basic characteristics of network 
synthesis are presented and synthesis for optimum 
results and exact solutions is demonstrated. Fre- 
quency-domain synthesis of passive lumped-constant 
networks is stressed. Includes synthesis of simple 
driving-point functions by recognition, realiza- 
bility conditions of network functions, approxi- 
mation of a given curve by an appropriate rational 
function, related problems. $1.00 


[) Electrical Insulation Deterioration, Decem- 
ber 1960, 8 pages. Nature of thermally accelera- 
ted deterioration of electrical insulation (and 
other organic materials, such as plastics) dis- 
cussed from viewpoint of practical design en- 
gineering parameters. Among other aspects, re- 
lationship between deterioration process and 
equipment and systems reliability is analyzed. 
$1.00 


©) Electrical Noise, November 1960, 20 pages. 
Major types and origins of electrical noise, and 
the effects of noise on system behavior. Examples 
given of techniques for evaiuating system per- 
formance in terms of noise sensitivity and reduc- 
tion. Emphasis on concept of noise as a random 
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process, as distinguished from systematic or peri- 
odic interference. $1.06 


() Number—The Language of Engineering. 
October 1960, 16 pages. The theory of numbers 
is concerned with the properties of integers and 
is used by the engiueci for 2 wide range of 
problems, such as: the use of the sawtooth 
function to synthesize all types of discontinuous 
waveforms, the representation of an integer as a 
sum of squares, etc. $1.00 


(0 The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study of the 
causes, mechanics and chemistry of corrosion. 
Methods for prevention are outline’. Design 
considerations and types of materials and treat- 
ments are interpolated for control ot specific types 
of corrusion met in engineering design. $1.00 


() Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equations 
of electric and magnetic fields. Propagation of 
microwaves in various media, including two- 
conductor, round and square waveguides. Princi- 
ples are applied to the design and use of the 
slotted line, the dummy load, rotary joints, and 
preselectors. $1.00 


(C Rasic Differential Equations, July 1960, 20 
pages. rirsx-order differential equations (method 
of separation of varables, the integrating factor, 
homogeneity), higher-orde: differential equations 
(the differential operator, non-homegeneous equa- 
tion, Picard’s method, solution of equations with 
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© Ring Binder for Science & Engineer- 
ing Reprints. Readers who want to keep 
their reprint copies of the monthly Science 
& Engineering feature safe and 
hand, will want this maroon-colored 
binder made of flexible, Morocco-grained 
leatherette stamped in gold. The standard 
1%-in. rings will accommodate about 
twenty S & E reprints. $2.50 


variable coefficients by power series). Application 
to basic mass-spring-damper system throughout, 
with examples. $1.00 


(0 Electrical Analogs for Mechanical Systems, 
June 1960, 20 pages. System parameters of 
dynamic states of mechanical systems are trans- 
lated into electrical network equivalents. Reas- 
oning behind the analog approach and the various 
analog forms. Included are discussions of the 
principle of duality of analog, reasons for choos- 
ing a circuit or its dual for a particular analysis, 
and the use of distributed-parameter networks 
(long lines) to simulate certain mechanical ele- 
ments. $1.00 


(0 Introduction to Molecular Engineering, May 
1960, 20 pages. An examination of the concept, 
principles and techniques of molecular engineer- 
ing in terms of its ultimate use in design of 
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equipment and systems. Part I defines molecular 
engineering as the application of molecular be- 
havior to the design of materials and devices of 
prescribed characteristics. Pare I] examines the 
elements of the classical macroscopic approach 
to the behavior of materials as well as the micro- 
scopic or molecular approach. Part III provides 
extended examples of molecular engineering in 
the areas of electrical insulation, microwave 
amplifiers, thin-film devices and microminiature 
electronics function blocks. $1.00 


(C0 Logic—and Switching Circuits, April 1960, 
36 pages. The fundamental principles of logical 
reasoning, contained in Aristotle's syllogism, de- 
veloped into the Boolean algebra and the logis- 
tics of the Principia Mathematica, and applied in 
circuit design and computer programming, are 
developed. The basic postulates are tabulated in 
their verbal, algebraic, diagrammatic, and circuit- 
schematic form. The article deals with methods 
applied to solve the problems of circuit synthesis 
and the fundamental ideas which can be applied 
to design of the most complex circuit. $1.00 


(0 Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. Basic principles 
of radiation and detection (including Wien’s 
Law, Rayleigh-Jeans Law) are explained. Effect 
of infrared on metals, ionic crystals, and semi- 
conductors. Various types of sources, windows, 
prisms, detectors, and spectrographs are discussed 
qualitatively. Also includes theory of use of infra- 
red in practical applications. $1.00 


() Thermoelectric Effects, February 1960, 16 
pages plus cover. Basic theories as developed by 
Seebeck, Peltier and Thompson (Kelvin) are 
brought up to date in the light of new semi- 
conductor thermopile compounds. Thermo- 
electricity is discussed from free-electron and ther- 
modynamic points of view. Four basic applica- 
tions of thermoelectric phenomena are considered: 
power generation, heating, cooling and tempera- 
ture sensing. $1.00 


( Network Analysis, January 1960, 28 pages 
plus cover. A discussion of present-day practices in 
network engineering and their theoretical back- 
ground. Network theory as a coherent and unified 
study is stressed, as contrasted with the less power- 
ful and less useful traditional approach to cir- 
cuits which involve isolated and unrelated 
“‘methods” of analysis. $1.00 


(0 Determinants and Matrices, December 1959, 
20 pages plus cover. The principles treated apply 
to all problems involving numerous mathematical 
statements. Included are specific rules for the 
use of determinants for solving systems of simul- 
taneous equations, including refinements of the 
basic procedures to apply to higher-order systems, 
and the underlying principles of matrix algebra. 
Examples demonstrate the time- and error-saving 
advantages of these two forms of mathematical 
shorthand. $1.00 


(5 Sampled-Data Systems, November 1959, 20 
pages plus cover. An introduction to the analysis 
of closed-loop control systems in which the 
input or error signal is periodically sampled 
(rather than continuously connected) as by a 
sampling switch. Presents impulse-response, fre- 
quency-response, p-transform and _ z-transform 
methods. Shows how to plot Nyquist, Bode and 
root locus diagrams with z transforms. Use of 
the normalized sT plane for analyzing sampling 
adequacy, ‘“‘pseudo-sampling’’ for determining 
between-sample response and the use of the z 
transform for table-generating function. $1.00 


1) Low-Noise, Solid-State Microwave Ampli- 
fiers, October 1959, 16 pages plus cover. Basic 
quantum mechanical principles underlying the 
operation of paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid state, three- 
level solid state and optically pumped devices) 
and parametric MAVAR amplifiers (both semi- 
conductor and ferromagnetic types) plus a brief 
introduction to the tunnel-diode amplifier. $1.00 


(0 Digital Methods in Measurement and Con- 
trol, September 1959, 20 pages plus cover. 
Covers: (1) characteristics and advantages of 
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amplifier. For the maximum reliability and 
speed necessary to protect these tubes, 
Behimann Engineers chose Jennings Overload 
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Overall operating time from detection of 
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the digital approach; (2) basic principles of 
coding, sampling and quantizing; (3) digital 
components and techniques for logic and infor- 
mation storage; (4) digital measurement devices; 
(5) digital control actuators. $1.00 


© The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The funda- 
mental science of polymeric materials is related 
to design engineering properties of plastics. Dis- 
cussion covers: the molecular formation of poly- 
mers; the chemistry of addition and condensation 
polymers; the theoretical basis for mechanical, 
electrical, chemical properties of polymers. $1.00 


"] The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages plus 
cover. Contents include discussions of the follow- 
ing: Electrostatics; Electric Fields in Free Space; 
Electric Induction; Capacitance; Mechanical Con- 
siderations; Field Effects in Devices. $1.00 


(0 Key to Metals in Design Engineering, May 
1959, 24 pages. Basic principles of metallurgy 
and structural characteristics of metals are related 
to design concepts. The effects of environment 
and mechanisms of damage are illustrated. Iron 
and steel, aluminum, precious and rare metals, 
copper, nickel and magnesium are presented in 


their basic design relationships to fundamental 
properties. $ 


(1) Heat Flow Theory, April 1959, 20 pages. 
Basic equations for conduction, convection and 
radiation are derived. Dimensional analysis used 
to establish the parameters and the various “‘num- 
bers” (Reynolds, Prandtl, Nusselt, Graetz, etc.) 
involved in convection expressions. Examples 
chosen from electrical and electronic (transistor) 
applications. $1.00 


(0 Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the study 
of magnetism, derived from modern solid-state 
physics. Includes: Origins of Ferromagnetism; 
Internal Structure of Ferromagnetic Materials; 
Magnetization Curves; Time Effects in Soft Mag- 
netic Materials; Effects of Atomic Ordering in 
Alloys; Interactions for Heterogeneous Systems. 

$1.00 


(0 Using Fourier Analysis in Design, February 
1959, 16 pages. A thorough theoretical back- 
ground on Fourier analysis is presented plus 
a discussion of the areas of application with 
specific examples to point up particular problems 
often encountered. Permits system devices to be 
designed or selected for a particular transient 
performance on basis of steady-state sinusoidal 
action. $1.00 


COMPENDIUMS———— 


0 Electrical Insulation—1960, December 1960, 
52 pages, special Research and Application Re 
port. Contains three major articles: Dynamic 
Mechanical Properties of Plastics Dielectric Ma- 
terials, Advances in Flexible and Semi-Rigid 
Electrical Insulating Materials, and Research Prog- 
ress in Dielectrics—1960. Plus: other articles 
on ultrathin films, capacitor dielectrics, European 
application practice, international standards, in- 
sulation application problems and trends. Offered 
in combination with regular December 1960 
Science & Engineering article, Electrical Insula- 
tion Deterioration. $2.00 


(10 The Forum: Computing Machines in Con- 
trol Systems, 44 pages. A compendium of the 
following articles: “Computing Machines in 
Control Systems—Blocks to Communication and 
Basic Principles’ (December 1960); “Analysis 
of Numerical Control Systems,"" a functional 
description of 36 representative numerical control 
systems displayed at the Chicago Machine Tool 
Exposition—1960 (November 1960); “‘Machine 
Tool Control—Principles of Data Processing in 
Numerical Control of Machine Tools,” plus a 
panel discussion of the subject by experts from 
the various disciplines involved in the synthesis 
and use of machine-tool control systems (March 
1961). Includes also a comprehensive one-page 
Bibliography. $2.00 


00 Digital Computing Machines, October 1960, 
24 pages. The fundamental functional components 
of digital computing machines. Glossary of term- 
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WAGNER Polyphase 
Resilient Mounted Motors 
in ratings through 10 horsepower 


Quiet, vibration-free performance is essential when _ phase Resilient Mounted Motors. Only Wagner can 
motors are installed in areas where noise must be held _ provide an entire range of ratings through 10 hp. 
toa minimum . . . in hospitals, churches, schools, office 
buildings, restaurants and similar locations where 
quiet is needed or wanted. 


Constant research and development have kept Wagner 
up front in electric motor design for more than 65 
years ...made the name Wagner one you can de- 
Such installations have created a need for larger poly- _—pend on in choosing electric motor drives. 


phase motors that whisper while they work. Wagner : 
has met this need by expanding its line of aihialens pared wg A ip. comers. gassallpere Aram. A. 


‘i d hind diteaianand select the right motor to meet your requirements. 
resilient mounted motors to include standard ratings There are Wa. gner branch offices in $2 principal cities, 
through 10 hp. 


You certainly have applications that call for a smooth 


running motor, cushioned by resilient ne. Wagner Electric Corporation 


To make sue they'e quiet, specify Wagner Poly- S484 rumour ne ct 


wMé0-14 


SLEEVE OR BALL BEARING 


These motors are furnished with quiet 
running steel-backed babbitt-lined 
sleeve bearings of high load carrying 
capacity. Ball bearings can be 
supplied when 

desired. 


CEILING, SIDEWALL OR 
HORIZONTAL MOUNTING 


You can mount these motors on walls or 
ceilings by rotating the cradle base 
90° or 180°. Motor stays dripproof. 


NEOPRENE 
CUSHIONING RING 


Annular mountings, of 
oil-resistant neoprene 
bonded to steel rings, 
cushion the motor in 
its cradle base to 
absorb the small 
amount of vibration 
that remains in the 
most corefully 
balanced motor. 
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Specially processed wire 
for use in SHEATHED 


THERMOCOUPLE 
ASSEMBLIES 
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Chromel-Alumel 


SPECIFICATION 3G-220 


THERMOCOUPLE ALLOYS 


One good reason for the fine reliability of sheathed 
thermocouple assemblies—in heat treating and chem- 
ical processing applications, jet engines, missiles, and 
nuclear reactors—has been the development of Hoskins 
Specification 3G-220 Chromel and Alumel wire. It’s a 
special grade of material produced specifically for 
swaged, rolled or drawn sheathed unit construction. 
And all that’s required to overcome adverse effects 
of such cold-working operations on its emf properties 
is a simple, quick heat treatment after fabrication. 
















A brand new 36-page catalog-manual contains detailed 
technical data on this and the complete “family” of 
time-tested Chromel-Alumel thermocouple, lead-wire, 
and mechanical grade alloys. Want a copy? 









*The words “‘Chromel” and “ Alumel”’ are registered trademarks of 


HIOSKINS MANUFACTURING COMPANY 
4445 Lawton Avenue « Detroit 8, Michigan « TYler 5-2860 








in Canada: Hoskins Alloys of Canada, Ltd., Toronto, Ontario 





Producers of Cu ym Gu ty I fie , lhermoc Allovs Since 1908 
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inology. Tabulation of special world-wide survey 
of digital computing machines presents essential 
characteristics of digital computing machines in 
production and in advanced stages of development. 
Principles of operation and application for design 
engineers. $1.00 


(0 Transformer Materials for Extreme Environ- 
ments, March, April, May and June 1960, 28 
pages. A series of four articles interpreting re 
search and development on small transformers 
designed to operate under extreme environments 
of 500 C temperature and nuclear radiation. Work 
carried out under Air Force and Bureau of Ships 
contracts presents data on: electrical insulation 
materials. magnet wire (both wire and insula 
tion), magnetic core materials, and transformer 
structural materials. $1.00 









[] Automatic Control System Design, 64 pages 
plus cover. A_ practical textbook on _ the 
design of servomechanisms. In the process of 
describing design by transfer function, system 
equation, and root-locus methods, techniques of 
analysis such as Bode diagrams, Routh’s criterion. 
and Nyquist plots are also presented. Includes 
background material on complex variables and 
Laplace transforms, bibliography for further study. 
Originally published in these pages as a series 
of six articles. $3.00 


[] Engineering Applications of Boolean Alge- 
bra, 68 pages. A design guide to the analysis and 
synthesis of switching circuits and logic systems— 
both combinational and sequential—in any me- 
dium: mechanical, electrical, hydraulic, electronic 
or solid state. Includes five previously published 
articles plus an added appendix. $2.00 





“] Slide Rule Mathematics, 20 pages, plus 4 
practice slide rules printed separately. Logical 
development of the slide rule’s fundamentals and 
complete concise instructions for its use. Major 
topics include: The Basic Slide Rule; Variations 
on Basic C-D Operation: Trigonometry; The Log- 
Log Scales; Vector Diagrams; Hyperbolic Func- 
tions; Phasor Calculations; The Circular Slide 
Rule. $1.00 


“] JIC Electrical Standards for Industrial Equip- 
ment, June 1957, 24 pages. Revised specifications 
for application of electrical apparatus to machine 
tool and other industrial equipment, as adopted by 
the Joint Industry Conference held in Detroit, 
March 1957. Single copies, $1.00. Multiple 
quantities may be obtained at the following prices: 
5—$3.75; 10—$6.00; 25—$12.50; 50—$20.00; 
100—$30.00. Send check with order payable to 
ELECTRO-TECHNOLOGY, 205 East 42 St., New 
York 17. 


Letters to the Editor 





Kudos 


To The Editor, ELectro-TECHNOLOGY: 
I have been receiving your magazine 
and benefiting from the valuable mate- 
rial published therein for many years. 
But now comes the time of my retire- 
ment (September 30) when I will no 
longer qualify as a member of your 
free distribution list. 
I am, therefore, informing you of this 
event so that you may act accordingly. 
Thanking you again for the privilege 
I have enjoyed the past years, and wish- 
ing you and your publication continued 
success, I remain 
MARIO MARTELLOTTI 
Development Engineer 
Cinctnnatr MiLtinc Macuine Co. 


Thanks, Mr. Martellotti, for this rare 
gesture. We are sorry to lose an ap- 
preciative reader. Enjoy your retire- 
ment. —Editor 
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Get fall dite for jour flea, dik 
FUSES: One source bulletin, Form SFB—it os he ohn . 
st bbe of he complete ln of fies end fore mountings 


BUSSMANN MPG. DIVISION, McGraw-Edison Co., UNIVERSITY AT JEFFERSON, ST. l 
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When Should you use Mercury-Wettetementa 


IF YOUR RELAYS 
MUST 


SWITCH UP T0 


PER SECOND 


HAVE A LIFE 
IN EXCESS OF 

A BILLION 
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BE COMPLETELY a 
RELIABLE 


~ | AND FREE FROM 
_ . CONTACT BOUNCE © 
- THEN SPECIFY | | b 


‘MERCURY, 3 
WETTEDE. 
CONTACT RELAYS 























MERCURY=WETTED CONTACT 


RELAYS 


An unusual combination of advantages found only in 
mercury-wetted relays has led many design engineers to 
specify them for tough switching jobs. Here are but 3 
typical characteristics of our JM series: 


RELIABILITY. Sealed-in-glass mercury contacts are re- 
newed with every operation. Won’t pit or weld. Make or 
break is positive . .. every time. No bounce, no chatter. 
Signals ranging from a few micro amps to 5 amps are 
switched with singular consistency. 


LONG LIFE. Think in terms of billions of operations when 
considering JM series relays. Proper application, of course, 
is a requisite. 

SPEED. Operate time is just less than 3 milliseconds using 
2 watts of power. Release time is about 3.2 milliseconds. 
Thus, relays can be driven 100 times per second. 


If your project calls for exceptional relay performance, 
perhaps the answer lies in our JM Mercury-Wetted contact 
relay. 


JM SERIES ENGINEERING DATA 


Contact Rating: 
5 amperes maximum 
500 volt maximum 
250 volt-amp max. with required contact protection. 
Contact Configuration: 
Each capsule SPDT. Combination of capsules in one 
enclosure can form DPDT, 3PDT, 4PDT. (All Form D.) 
Terminals: 
Plug-in or hook solder; 8, 11, 14, or 20-pin headers. 
Coil Resistance: 
2 to 58,000 ohms. 


oe 





More information? 


Write today for free catalogue. —!= / 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL 
ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, 
PRINCETON, INDIANA ¢ IN CANADA: POTTER & BRUMFIELD, 
DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 
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LITERATURE for the Design Engineer 


All-new listings of manufacturer's literature just off the press... 


including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


TRANSFORMERS 


Bulletin GEA-7121, illustrated, 28 pages, 
describes full line of transformers for 
military applications. Contains sections 
on metal-cased hermetically sealed 
transformers and inductors, encapsu- 
lated and sub- and microminiature 
units. Discusses reliability and military 
specifications. Transformers are power 
and filament. Includes useful fold-out 
table of characteristics of common 
rectifier circuits. General Electric Co.., 
Schenectady 5, N. Y. 
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DIGITAL LOGIC MODULES 


Series 200 portfolio contains data 
sheets on general-purpose circuit card 
(C-1051), blank circuit (C-1052), ex- 
tender circuit (C-1053), flip-flop logic 
circuit (C-1054), driver circuit 
(C-1055), logic circuits (C-1056), and 
clock and delay circuit (C-1057). In- 
cludes logical and schematic diagrams 
of many circuits in encapsulated mod- 
ules. Harman-Kardon, Inc., Ames Ct., 
Plainview, N. Y. 
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CABLE SLITTER 


Single-page Form CRB-761 offers in- 
formation on Model Hi-225 cable cutter 
for removing outer sheath. Operation 
and use is described with illustrations. 
Holub Industries, Inc., Sycamore, IIl. 
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POTTING COMPOUND 


Technical data bulletin “Isochemrez 
Poly U,” two pages, offers information 
on 100 per cent resin prepolymer. Dis- 
cusses application, storage and toxicity. 
Used under extreme or normal thermal 
shock. Isochem Resins Co., 221 Oak 
St., Providence, R. I. 
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COOLING FANS 


Brochure 2150, eight pages. offers illus- 
trations, charts, curves and mechanical 
dimensions on line of fans. Tempera- 
ture range. specifications and _ perfor- 
mance data are listed. Joy Mfg. Co., 
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Henry W. Oliver Bldg., Pittsburgh, Pa. 
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NEEDLE BEARING 


Bulletin S-103, four pages, offers illus- 
trations, dimensions and capacity table 
for needle bearings. Suggestions are 
included for thin-shell bearing applica- 
tion. Kaydon Engineering Corp., Mus- 
kegon, Mich. 
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INSTRUMENT CATALOG 


Brochure, 30 pages, offers detailed infor- 
mation on micro- and millivoltmeters, 
milliohmmeters and portable megohm- 
meters. Photographs, application data 
and specifications of each model are 
included. Keithley Instruments, Inc., 
12415 Euclid Ave., Cleveland, Ohio. 
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TUNGSTEN ALLOY 


Eight-page Bulletin B-500 describes 
physical properties and offers informa- 
tion on explosive forming, joining meth- 
ods and machining of tungsten alloys. 
Shielding, balancing and inertia ap- 
plications are mentioned. Engineering 
service available is outlined. Kenna- 


metal, Inc., Latrobe, Pa. 
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SOLID-STATE RECTIFIERS 


Data Sheet MCR 161, two pages, re- 
views electron-tube replacement recti- 
fier types 1N570, 1N1262, and 1N2630 
to 1N2636. May be used in same ap- 
plications as 6X4, 6W4, 5U4, 5R4, 6X5, 
80, etc.; plug in same socket. Lists 
performance characteristics, physical 
size, and wiring diagrams. Micro- 
modular Components Div., P. O. Box 
S-1, Anaheim, Calif. 
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WAVEGUIDE ADAPTERS 


Twenty-page catalog JS-61A contains 
illustrated dimensional views of E and 
H_ side-wall and top-wall waveguide 
adapter configurations. Charts describe 
size, terminations and mechanical data. 


Microwave Development Laboratories. 
Inc., 15 Strathmore Rd., Natick Indus- 
trial Center, Natick, Mass. 
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SERVO AMPLIFIER 


Four-page Bulletin TN1030 includes 
application data and diagrams _illus- 
trating syncho repeater, potentiometers 
and high-gain servo systems. Includes 
schematics and outlines theory of opera- 
tion. Milcor Electronics Corp., 48 To- 
ledo St., So. Farmingdale, N. Y. 
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DISPLAY SCREENS 


Data sheet 193 describes four trans- 
parent and translucent display switches. 
Used as an _ operating pushbutton 
lighted display or unlighted display. 
Available in several colors. Micro 
Switch Div., Minneapolis-Honeywell 
Regulator Co., Freeport, Ill. 
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TUBING & SLEEVING 


Twelve-page booklet describes “Irving- 
ton” tubing and sleeving for electrical 
insulation for Class-A through Class-H 
temperatures. Lists temperatures, elec- 
trical and physical strength, and flexi- 
bility. Discusses uses and methods of 
application. Minnesota Mining and 
Mfg. Co., Irvington Div., St. Paul 6, 
Minn. 
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GEARMOTOR 


Two-page Data Sheet HGM offers illus- 
trated information on fhp gearmotor 
with magnetic clutch. Included are 
electrical and gear-reduction specifica- 
tions. Output, 1-800 rpm; input, 6-220 
volts a-c; torque, up to 50 in.-lb at 
1 rpm. Molon Motor & Coil Corp., 
3737 Industrial Ave., Rolling Meadows, 
Til. 
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SILICONE SEAL 


Four-page brochure offers information 
on elastomeric silicone and fluorocarbon 
parts. Lists temperature ranges, bond- 
ing quality and chemical stability. Sug- 
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Smaller, Lighter with 


Extreme Environmental Capabilities 


ARK trol 


Type RPC 
ELECTRICAL 
CONNECTORS 


New EAR-EAP Class I Group D 


Explosion-Proof 


Pictured is RPE Connector with tap box. 


Listed by Underwriters Laboratories and conform- 
ing to JIC standards, the RPC series ARK-trols are Plug and Receptacle 
suitable for NEMA classes 1, 2, 3, 3R, 4, 5, 12 
and 13. Also meets Military Specifications for cor- Underwriter listed and approved under ap- 
rosion and chemical resistance, temperature, pres- plicable government specifications for circuit- 
sure, air leakage, dust, shock, vibration, humidity breaking applications in hazardous or non- 
and moisture. Featuring aluminum oxide coatings on hazardous areas. Designed for flush or surface 
aluminum-alloy components. Strong enough to with- mounting. Available in 2, 3, 4 and 5 pole units 
stand 50 G shocks, yet 60% to 70% smaller and for amperage ratings of 60,100 and 200 at 480 
lighter than comparable commercial connectors. volts. 


WRITE for complete descriptions, 


specifications and configuration patterns. 
REG. US. PAT. OFF. 


MAIN OFFICE: SYRACUSE, N.Y. FIELD OFFICES: Albany, Atlanta, Baton Rouge, atom. Boston, Buffalo, Chariotte, Chicago, Cincinnati, Cleveland, Corpus Christi, Dallos, 
Denver, Detroit, Houston, Indianapolis, Konsos City, los Angeles, Milwaukee, Minneapolis, New Orleans, ‘New York, Omoha, Philadelphia, Pittsburgh, Portland, Oregon, St. Lovis, 
St. Paul, Salt Lake City, Son Francisco, Seattle, Tampa, Tulsa, Washington. RESIDENT REPRESENTATIVES: Baltimore, Md., Meriden, Conn., Reading, Pa., Richmond, Va., Springfield, Mass. 
FOREIGN AFFILIATES: Crouse-Hinds Company of Canada, ttd., Scarborough, Ont., Crouse-Hinds-Domex, S.A. ‘de [ Ve ‘Mexico, D. F. 
MANUFACTURING LICENSEE: Peterco, Sao Paulo, Brozil 
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gests uses. 
Racine, Wis. 


Moxness Products, Inc., 
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REVERSIBLE GEARMOTOR 


Two data sheets illustrate and describe 
115-volt and 220-volt 3-phase gear- 
motors. Outputs, 0.3-500 rpm at 4s hp. 
Information includes electrical specifi- 
cations, output torque ratings, and 
mechanical dimensions. New England 
Gear Works, Inc., South End Rd., 
Southington, Conn. 
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CIRCUIT PROTECTOR 


Catalog 204-32, two pages, covers line 
of d-c operated circuit protectors which 
operate within 1 to 10 millisec of fault 
occurrence. Catalog offers illustrations, 
diagrams, and charts; indicates tem- 
perature ranges and electrical specifica- 
tions. North Electric Co., Galion, Ohio. 
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DELAY LINES 


Four-page booklet with illustrations, 
curves and charts discusses application 
of “Wee Line” sectional delay lines. 
Gives electrical and mechanical par- 
ticulars. Describes use and operating 
limits. Nytronics, Inc., 550 Springfield 
Ave., Berkley Heights, N. J. 
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PULSE TRANSFORMERS 


Bulletin 37-AN offers selection informa- 
tion on vacuum-tube and _ solid-state 
blocking-oscillator and pulsing-coupling 
transformers. Includes tables, illustra- 
tions and specifications. Polyphase In- 
strument Co., Bridgeport, Conn. 
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SILICON POWER TRANSISTORS 


Technical Bulletin 2N2015-6, four pages, 
discusses 150-watt 2N2015 and 2N2016 
n-p-n transistors. Lists electrical values 
and operating-temperature ranges. Sug- 
gested uses are included. Radio Corp. 
of America, Semiconductor and Mate- 
rials Div., Somerville, N. J. 
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POTENTIOMETER 
Two-page Data Sheet EM 4700 offers 


illustrations, mechanical and general 
specifications on Model 200 poten- 
tiometer. Hag pre-set taps or can be 
tapped in field. Temperature-rating 
curve is included. George Rattray & 
Co., Inc., 101 New South Rd., Hicks- 
ville, N. Y. 
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BEARING BOOKLET 
Form 343, a 24-page booklet, explains 


ball- and roller-bearing parts and 


terms. Includes dimensions, load rat- 
ings, alignment, types and functions, 
shields, seals. SKF Industries, Inc., 
Front St., Erie Ave., Philadelphia 32, 
Pa. 
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STROBOSCOPES 


Series of two-page . releases 161-3-5 
illustrates and describes several strobo- 
scopes for inspection and testing appli- 
cations. Discusses uses and specifica- 
tions. Slaughter Co., Piqua, Ohio. 
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SOLID-STATE CHOPPER 


Two-page data sheet describes Models 
40 and 40P silicon miniature modu- 
lators. Can be driven from d-c to 50 ke. 
Illustrated with mechanical and elec- 
trical data diagrams, discusses opera- 
tion and application. Solid State Elec- 
tronics Co., 15321 Rayen St., Sepulveda 
Blvd., Calif. 
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MICROWAVE SERVO TUNERS 


Data sheet 6101, four pages, describes 
microwave-tube oscillators that are 
tuned by servo systems. Tuning system 
requirements are outlined. Includes 
illustrations, diagrams; offers operating 
instructions. Vickers Inc., Div. of Sperry 





That’s what the power cord for your product should be. = Because it gets put to the 
test at the job site. Run over by trucks. Flexed. Twisted. Trailed over rocks, through 
mud and moisture. Good reasons why your product deserves Rome 60 cord. # A 
rugged, tough cord. Mechanically strong. Resistant to acids, alkalies and oil. One that 
stands up in sunlight and weather. A cord that won’t support flame, has a high-quality 
insulation that provides overload protection and long life. = That’s Rome 60, a heavy- 
duty cord, lead-mold cured to a tirelike toughness. Sizes No. 18 to 10 AWG, to six con- 
ductors, 600-volt rating. For complete “specs,” write to Rome Cable Division of Alcoa, 


Dept. 24-91, Rome, New York. 


Note: If your product is used under less tor- 
tuous conditions, Rome 50, combining depend- 


ability and economy, should fill the bill. 


D 


ROME CABLE 


o> e298 8 ON 
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Rand Corp., Dept. 1400, Detroit 32, 
Mich. 
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VARIABLE TRANSFORMERS 


Catalog #1. 40 pages, contains illustra- 
tions, descriptions, specifications and 
electrical ratings for several adjustable 
transformers rated up to 7 kva. Includes 
circuit diagrams and essential dimen- 
sjons for panel and bench mounting. 
Standard Electrical Products. 2240 E. 
3rd St., Dayton, Ohio. 
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PULSE-TO-STEP CONVERTER 


Bulletin SS361, four pages, describes 
Mpdel ST-150 translator and principle 
of; operation. Device is for low-power 
pulses that give up to 225 or 400 
stéps/min. Includes illustrations, charts 
and functional block diagrams, lists 
uses and applications. Electrical prop- 
erties and temperature ranges are also 
included. Superior Electric Co., Bristol, 
Conn. 
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GEAR-HEAD SERVOMOTORS 


Four-page Bulletin CD1, Part II, de- 
scribes methods of gear-head selection, 
bearings, speeds and torque ratings. 
Includes gear-head and gear-ratio selec- 
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tion tables. Superior Mfg. & Instrument 
Corp.. 36-07 20th Ave., Long Island 
City 5, N. Y. 
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ELECTRONIC TIMER 


Bulletin 400-A7 illustrates Model HC- 
100 industrial time-delay vacuum-tube 
timer which operates on 115 and 400 
volts a-c or d-c. Includes specifications 
and application data. Syracuse Elec- 
tronics Corp., P. O. Box 566, Syracuse. 
MT. 
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EPOXY-GLASS LAMINATE 


Series of two-page data sheets on Fire- 
ban 600.E offers information on glass- 
base, epoxy and copper-clad laminates 
that are fire-retardant. Materials are 
Type GF per MIL-P-13949B. Lists 
characteristics, electrical and mechan- 
ical specifications. Taylor Fibre Co.., 
Morristown, Pa. 
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PREAMPLIFIER-DEMODULATOR 


Bulletin, two pages, describes Model 
1810-0600 miniature demodulator-pre- 
amplifier which gives d-c output from 
400-cps input signal. Unit meets en- 
vironmental requirements of MIL-F- 
5400. Bulletin offers electrical specifica- 
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tions and characteristic curves. M. Ten 
Bosch, Inc., Pleasantville, N. Y. 
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ELECTRICAL CONTACTS 


Eight-page “Basic Guide to Electrical 
Contacts” offers charts, illustrations and 
alloy tables for several of the most 
common types of contact alloys. Lists 
density, conductivity, melting point, 
hardness and applications. Tricon Mfg. 
Co., 8008 So. Wallace St., Chicago, III. 
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POWER SUPPLIES 


Sixteen-page Catalog 61 describes high- 
voltage d-c supplies, encapsulated power 
packs, kilovoltmeters and high-voltage 
terminations. Includes charts, illustra- 
tions, specification and rating tables. 
Application data is discussed. Universal 
Voltronics Corp., 17 So. Lexington Ave., 
White Plains, N. Y. 
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CAPACITORS 


Four-page Bulletin 2-61 compares poly- 
styrene dielectric capacitors with seven 
other types (common polystyrene, My- 
lar, metalized Mylar, teflon, paper, 
silvered mica and ceramic) for tem- 
perature range, degree of precision, 
dissipation factor, dielectric absorption, 





insulation resistance and degree of 
stability. Contains state-of-the-art dis- 
cussion on capacitance variation with 
temperature. Arco Electronics, Inc., 
Community Dr., Great Neck, N. Y. 
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STRAIN RELIEFS 


Brochure, four pages, offers information 
on wire and cable strain reliefs. In- 
cludes photographs and descriptions of 
three standard types. Application data 
are discussed. George Walker Co., Pas- 
saic, N. J. 
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FLEXIBLE COUPLINGS 


Four-page Bulletin 10 contains infor- 
mation on the advantages of flexible 
couplings together with listings of all 
standard sizes. Includes units with 
fixed bores, and plain bores for re- 
boring. Acme Chain Corp., 821 Main 
St., Holyoke, Mass. 
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MICROCIRCUITS 


Seventeen-page brochure with illustra- 
tions, diagrams and specification tables 
describes series of applications and 
parameters of micro-circuits for flip-flop 
and logic modules, preamplifiers, and 
biomedical transmitters. Varo Inc., 2201 
Walnut St., Garland, Texas. 
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GROUND-POWER SUPPLIES 


Three-page brochure describes line of 
rack-mounted, low-voltage, transistor- 
ized, a-c to d-c units for equipment 
operation and secondary battery charg- 
ing. Four basic types include 4.5 volt 
d-c, 5 amp and 10 amp outputs, includ- 
ing special type for battery charging 
and 30-volt d-c, 5-amp supply. Units 
occupy 5% in. of standard 19-in. rack. 
Arnoux Corp. 11924 W. Washington 
Blvd., Los Angeles 66. 
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VACUUM-TUBE VOLTMETER 


One-sheet Bulletin A-375 describes 
“Dynamatic” 375 with individual di- 
rect-reading scales for each range. 
Ranges, 0 to 1.5, 5, 15, 50, 150, 500 and 
1500 volts in d-c and a-c rms and peak- 
to-peak; 0 to 5, 50, 500 ma in d-c cur- 
rent. Ohm scales to 1000 megohms. 
B & K Mfg. Co., 1801 W. Belle Plaine 
Ave., Chicago 13. 
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INFRARED RADIATION 
COLLIMATOR 


One-sheet release describes Model 6-101 
off-axis unit which, when used with 
radiation reference source, simulates 
radiation characteristics of an infinitely 
distant target. It will accept a variety 
of sources producing a uniformly in- 


fractional hp motor users... 


CHATILLON absorption dynamometer 


You have to know precise torque to know exactly how a 
motor will perform in the field. The new Chatillon 1200 
Series Absorption Dynamometers will tell you quickly ... 


easily . . . accurately. 

Exclusive Torque Turret . . . automatic 
transfer over 3 successive ranges. 

Exclusive Low Inertia hysteresis brake 
. » . reduces starting torque . . . improves 
high speed performance. 

Technical Bulletin No. 1200 gives full 
design data. Send for your copy today. 
Write to John Chatillon & Sons, 87 Cliff 


Street, New York 38, N. Y.... telephone | 3 


BEekman 3-2552.(Area code 212) - 


the force 


n force measurement 


Manufacturers of scales, force measu 
instruments and precision springs. 
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tense beam of parallel rays. It can 
thus be used to calibrate and test infra- 
red instruments designed to receive 
remote radiation. Barnes Engineering 
Co., 30 Commerce Rd., Stamford, Conn. 
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STATIC FREQUENCY CONVERTER 


Four-page Form ADV-210 has detail 
photographs and describes unit for 
50/60 cps to 400 cps conversion. Device 
provides adjustable 380 to 420 cps out- 
put frequency and single- or three- 
phase outputs. Basler Electric Co.., 
Highland, Ill. 
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INSULATION COMPOUND 


One-page data sheet describes Com- 
pound 2100 for use in temperature range 
from —55 to +105 C. Meets MIL-W- 
5086, MIL-W16878A and NAS-702. 
Blane Corp., Canton, Mass. 
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DESK CALCULATOR 


Four-page brochure describes “Contex 
20” portable unit that adds, subtracts, 
multiplies and divides. Available elec- 
tric or hand-operated. Bohn Duplicator 
Co., 444 Park Ave. South, New York 16. 
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LIFE—usually outlasts the equipment on which 
‘used. Vibration “shock proof—gives thou- 
ak oper: hours. STYLING—every re- 
quirement covered with wide variety of lens colors 
and shapes, lens imprints, ring finishes, etc.; adds 
beauty to any product. SIMPLIFIES PRODUCTION— 
only %-inch hole needed—mounts with push-on 
speed nut or snap-fits into your panel. ..and SERV- 
ICE—units made to your requirements, delivered to 
meet your production schedules...quantities from 
1 to 1,000,000. 


FREE: omni-GLow catalog, with detailed in- 
formation and specifications, and a sample OMNI- 
GLOW. Write to us directly, or use the reader 
service card. 


Industrial Devices, Inc. 


EDGEWATER !! NEW JERSEY 
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NE yaks Precision Potentiometers 
Provide 10. 


—Save: Time-Space-Effort-Cost 


The FLUKE Model 20A Vernier Potentiometer provides reso- 
lution equivalent to that of 10 turn helical potentiometers 
with only 550° of shaft rotation. At the same time, the 20A re- 
quires only a fraction of the space occupied by helical po- 
tentiometers, and, in fact, occupies less space than many 
single turn, low resolution potentiometers. 

This high resolution, small size, and ease of operation, is 
achieved by a unique FLUKE patented design. A schematic 
of the Model 20A is shown below. Basically, the Model 20A 
consists of. a main resistance element and a concentric 
smaller vernier. The vernier element is connected to the main 
element through two contacts spaced 30° apart. This spreads 
any 30° segment of the main winding over the 270° of 
vernier rotation. The vernier slider is rotated by the poten- 
tiometer shaft. As the shaft is turned and the vernier 
slider completes its rotation, a mechanical stop causes 
the vernier frame to turn, moving the spaced vernier con- 
tacts along the main element. This method provides a 
coarse adjustment at either end of the vernier adjustment. 

This unique design results in a versatile, high perform- 
ance potentiometer. For example, thin card-type windings 
reduce residual reactance and allow operation at much 
higher frequencies than other potentiometers with similar 
DC specifications. The one and one-half turn control of 


NEW FLUKE MODEL 20A 
Vernier Potentiometer 


Complete —_ dial, 
knob and lock 


MANUFACTURERS OF 
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the entire adjustment range allows substantial time savings 
in frequently adjusted or multiple potentiometer installations 
such as analog computers and data logging systems. Equipped 
with a screwdriver slotted shaft, the Model 20A also makes an 
ideal high resolution trimmer. 

The Model 20A is available from stock in resistance va!ues 
ranging from 100 ohms to 25 K ohms, and car be provided 
with a calibrated readout dial and lock-type knob 

If greater resistance values are required, write for informa- 
tion on the FLUKE Models 21A, 22A, and 30A. The Model 21A 
and 22A have increased power ratings and are available in 
resistance values to 100 K. The Model 30A features resolution 
of 20 times that of the 20A series, resistance values from 1 K 
to 100 K, and a power rating of 5 watts. 


MODEL 20A PARTIAL SPECIFICATIONS 


Standard Tolerance: +5%, available to +1% on special 
order Linearity +0.5%. 


Resolution: 1000 ohms, 1 part in 5600. Increased resolu- 
tion for higher values. 


Power Rating: 2 watts at 20° C, derated to 0 at 100” C. 
Price: As shown, $8.50. 


JOHN FLUKE MFG. CO. INC. 
P. O. Box 7428 Seattle 33, Washington 


SCHEMATIC 


ECTRONIC TEST AND MEASURING INSTRUMENTS FOR LABORATORY—PRODUCTION LINE 
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G-E LEXAN’ POLYCARB 


STABLE ELECTRICALS. Binding posts 
made of LEXAN resin retain electricals 
even under moist, hot conditions. They 
do not loosen, are molded in six attrac- 
tive LEXAN colors for coding. Other fea- 
tures are: low loss and power factor, low 
dielectric constant, high voltage insu- 
lation, non-sink surfaces. 

(Superior Electric) 


CONTROL PANELS 


One-page ‘technical bulletin describes 
flush-type panels with replaceable 
lamps, epoxy-embedded wiring and 
spot-welded connections. Units exceed 
MIL-P-7788A. Bodnar Products Corp., 
238 Hugenot St., New Rochelle 2, N. Y. 
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PHOTOELECTRIC CHOPPERS 


One sheet of specifications and another 
of application notes describe Models 
MI10L and M20L units, designed to 
match circuit impedances of 1.5 k ohms. 
Units are SPDT and DPDT, respec- 
tively. Carrier feed-through, less than 
1 mv. Operating life, 5000 hr. Modula- 
tion frequencies up to 1 ke are possible. 
Cambridge Electronics Corp., 294 Cen- 
tre St.. Newton, Mass. 
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GERMANIUM POWER TRANSISTORS 


Three one-sheet Bulletins, E-452 to 454, 
describe uses and provide characteristic 
curves of p-n-p units 2N538 and 2N- 
538A, 2N539 and 2N539A, and 2N540 
and 2N540A, respectively. Devices are 
for servomotor controls, power ampli- 
fiers. converters, etc. CBS Electronics, 
Semiconductor Operations, Lowell, 
Mass. 

Circle 801 on Inquiry Card 


HEAT RESISTANCE. Beautiful handles of 
LEXAN polycarbonate resin are used in 
rugged service on U.L. approved solder- 
ing irons. They resist the impact, heat 
and abrasion of daily bench work. The 
hard, glossy handles are light in weight. 
Molded in three pastel colors, they pro- 
vide toughness and sales appeal. 
(Ungar Electric Tools) 


MATERIALS NEWSLETTER 


One-sheet periodical “Materials Scope” 
consists of engineering and design 
briefings. The first issue covers sintered 
titanium parts. Later issues are to be 
on scientific materials selection, ad- 
vanced metal applications, fiber metal- 
lurgy and tungsten composites. Me- 
chanical Research Div., Clevite Corp., 
540 E. 105 St., Cleveland 8, Ohio. 
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SELF-LUBRICATING SLEEVE BEARINGS 


One-sheet brochure describes and lists 
sizes of “Neverlube” bearing-bushings 
which are machined steel units with 
special oil reservoirs containing lubri- 
cant which flows by capillary action 
through sintered bronze _ bushings. 
Carter Mfg. Co., Ferrysburg, Mich. 
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SERVO INDICATOR 


Six-page “Con-Temp” brochure, which 
covers “DST” series of instruments for 
measurement and control of tempera- 
ture, pressure, quantity and other vari- 
ables, contains descriptions, photo- 
graphs and specifications. Includes 
tachometer, capacitance-type fuel- and 
oil-quantity system tester and liquid- 
oxygen servo indicator-amplifiers. Con- 
solidated Airborne Systems, Inc., 900 


DIMENSIONAL STABILITY. Maximum al- 
lowable change in this 5-inch aircraft 
instrument part is only 5 mils over a 
temperature range of —65° to 300°F! 
And it must maintain this tolerance 
under high humidity. Part is injection 
molded of LEXAN resin as half spheres 
which are solvent cemented, lathe- 
turned and painted. (Lear, Inc.) 


3rd Ave., New Hyde Park, L. I., N. Y. 
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GALVANOMETER SERVO-SYSTEMS 


One-sheet brochure contains descrip- 
tion, photographs and specifications of 
low-inertia coi] unit which drives wiper 
of a conductive-film feedback poten- 
tiometer. Response, 10 to 50 millisec. 
Power, 1.5 watts max. Accuracy, 0.25 
per cent. Brochure describes several 
applications of “servometer.” Computer 
Instruments Corp., 92 Madison Ave., 
Hempstead, L. IL, N. Y. 
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ELECTROLUMINESCENT PANELS 


Eight-page, three-color Brochure EL 
contains photographs, description, char- 
acteristics and characteristic curves of 
panels using the phenomenon of elec- 
troluminescence. Astronomic Div., Con- 
trols Co. of America, 4218 W. Lake St., 
Chicago 24, Il. 
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ELECTRICAL CONNECTORS 


Six-page Brochure DM5600, including 
photographs, drawings and specifica- 
tions, covers push-pull, snap-in and 
rectangular plugs and receptacles, in- 
cluding hermetic and _ square-flange 
receptacles. Deutsch Co., Electronic 
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ONATE RESIN 


TRANSPARENCY of LEXAN resin is 
important in chart guide for recorder. 
LEXAN resin is the only transparent 
plastic able to withstand heat generated 
by internal lights. It is distortion-free at 
temperatures up to 270°F and self- 
extinguishing. Its extremely high impact 
strength eliminates cracking of guides. 

(The Foxboro Co.) 





Components Div., Municipal Airport, 


Banning, Calif. 
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DRY-FLUID DRIVES 


Bulletin 70, 20 pages, lists eight stock 
drives and 11 couplings for fractional- 
to 1000-hp requirements. Includes in- 
stallation photographs, product pictures, 
engineering drawings and tables of 
weights and dimensions. Dodge Mfg. 


Corp., Mishawaka, Ind. 
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A-C SOLENOIDS 


Four-page Brochure 812T describes 
“Super-T” solenoid units. Contains 
photographs, engineering drawings and 
characteristic curves. Includes discus- 
sion of selection techniques. Dormeyer 
Industries, 3418 No. Milwaukee Ave.. 
Chicago 41, Il. 
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SELENIUM ARC SUPPRESSORS 


Two-page Bulletin SE-1001, including 
photographs, descriptions and specifica- 
tions, contains list of a-c and d-c relay 
applications with voltage ranges and 
maximum rms coil currents for each 
type. Electronic Devices, Inc., New 
Rochelle, N. Y. 
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TOUGHNESS. Press-fitted into metal 
gear used in an electric drill, bushing of 
LEXAN polycarbonate resin provides 
safety from electric shock . . . helps 
eliminate need for additional grounding. 
Strength and creep resistance of LEXAN 
resin enables bushing to withstand 
torque and load requirements of drill. 

(Millers Falls Co.) 
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SELENIUM RECTIFIERS 


Eight-page Bulletin 101 reviews recti- 
fiers covering ranges from microam- 
peres to kiloamperes and voltages from 
millivolts to kilovolts. Includes selenium 
diodes and several types of arc sup- 
pressors and contact protectors. Edal 
Industries, Inc., 4 Short Beach Rd., 
East Haven, Conn. 

Circle 811 on Inquiry Card 


CLIP-ON SELF-RETAINING FASTENER 
Four-page brochure describes LHA4972 


fastener which can eliminate riveting in 
manufacturing processes. Manufactured 
from carbon steel. Locking torque and 
tensile strength per MIL-N-25027. Re- 
lease contains use and_ engineering 
drawings and _ specifications. Elastic 
Stop Nut Corp. of America, 2330 Vaux- 
hall Rd., Union, N. J. 
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HEAT-TRANSFER DESIGN MANUAL 


Eleven-page Design Manual HOM-761 
gives graphical solutions in Btu/sq ft/hr 
and watts/sq ft vs temperature differ- 
ence in all types of heat-transfer prob- 
lems such as: the simultaneous solu- 
tions of problems by conduction, free 
convection and radiation; warming of 
known mass of material without change 
of state; and electrical aspects of 


GOOD DIELECTRIC— 
AND MUCH MORE! 


ARE YOU LOOKING FOR A PLASTIC 
THAT CAN REALLY TAKE IT? 


To demonstrate the toughness of 
LEXAN resin, salesmen will some- 
times slam and hammer a product 
made of the material. LEXAN has 
the highest impact strength of any 
plastic — amounting to 12-16 foot- 
pounds per inch of notch—and it 
usually emerges unscathed from en- 
counters with such “merchandising 
stresses”. It is a high-performance 
material, likewise, with regard to 
high-temperature behavior and di- 
mensional stability. 

Its many other advantages make 
it a priority material for thorough 
investigation by all designers, engi- 
neers and molders. We will be 
pleased to supply you with informa- 
tion on the properties, processing and 
end-uses of LEXAN resin. Don’t 
hesitate to write to us. General Elec- 
tric, Chemical Materials Department, 
Section ET-81, Pittsfield, Mass. 


LEXAN’ 


Polycarbonate Resin 
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heating-element problem. Also contains 
data on heat-transfer coefficients and 
specific heat and thermal conductivities. 
Numerous sample problems given. Elec- 
trofilm, Inc., 7116 Laurel Canyon Blvd., 
North Hollywood, Calif. 
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INDICATOR LIGHTS 


Two-page Data Sheet 6105 describes oil, 
water and dust-proof units. Contains 
photographs, specifications and engi- 
neering drawings. Covers both light and 
heavy-duty lights. Drake Mfg. Co., 
4626 No. Olcott Ave., Chicago 31, II. 
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ONE-PART EPOXY DIP COAT 
One-page Bulletin 4-2-2 describes 
“Eccocoat D30,” which provides 
strongly adhesive coat. with excellent 
moisture resistance. For coating of 
electrical components. Coating thermal 
conductivity, 2.5 Btu-in./ft?-hr-deg F; 
volume resistivity, 10'* ohm-cm; elec- 
tric strength, 350 volts/mil. Emerson & 
Cuming, Inc., Canton, Mass. 
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DIGITAL COUNTERS AND TIMERS 
Six-page “Short-Form Catalog” con- 
tains photographs and specifications of 
11 devices including frequency, period 
(Continued on page 189) 
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“The definition of a farad 
unfortunately makes it a unit too 
large for general use. 

More convenient are the units 
micro-farads and micro-microfarads." 


ecéi-t 


It is said that even Michael Faraday doubted if a farad could ever 
be realized. But then, he hadn’t been exposed to the engineering and 
production capabilities of Sangamo... the first capacitor manufac- 
turer to produce and establish standards in the production of elec- 
trolytic energy storage capacitors. 


So now the “impossible”—a farad of capacitance capable of being 
held in one hand—has been achieved. Rated at 1% volts, the one-half 
farad Sangamo Type DCM electrolytic carries the highest capaci- 
tance per unit volume in the industry. It is the product of Sangamo 
engineering imagination ...the very real result of intimate product 
knowledge applied to quality materials and progressive production 
methods. It is ready for application in missiles, computers, and a wide 
range of power supply applications where peak power requirements 
exceed the maximum output of the supply. Phone near? Discuss your 
applications with your Sangamo Representative. 


Occasionally applications call for energy-storage capacitors to meet 


special requirements, including higher temperature and higher ripple 
current. That's a good time to turn to Sangamo, where yesterday's 
impossibilities become capacitor facts such as this... 


CAPACITY=- one FARAYP 


SANGANMO ELECTRIC COMPAN Y © SPRINGFIELD, ILLINOIS 
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THESE FAMOUS COMPUTER MAKERS 
USE SANGAMO ENERGY STORAGE CAPACITORS 


Sangamo Type DCM electrolytic capacitors are especially designed for use 
as energy storage components in DC circuitry where peak power require- 
ments exceed the maximum output of the associated power supply. They 
operate under high temperature conditions, minimize ripple voltage and add 
stability and long life to low voltage power supplies. 


That’s why these computer manufacturers use the Sangamo DCM. That's 
why you gain by turning to Sangamo for your capacitor needs. 


Complete data on Type DCM Capacitors is detailed in Sangamo’s Engineer- 
ing Catalog 2231. Contact your Sangamo Representative, or write us for 
your copy. 


SANGAMO ELECTRIC COMPANY 


EC6I-2 SPRINGFIELD, ILLINOIS 
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and present-ratio counters, counter tim- 
ers and a binary-to-decimal converter. 
Erie-Pacific Div., Erie Resistor Corp., 
12932 S. Weber Way, Hawthorne, Calif. 
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EPOXY RESIN 


Six-page Bulletin 2 presents informa- 
tion on “Oxiron” epichlorohydrin-based 
resin. Covers promising uses in wet 
lay-up, prepreg and _printed-circuit 
lamination. Curing systems that give 
materials high-temperature properties 
are discussed. Formulation, cure cycle 
and temperature properties are com- 
pared with those of conventional 
epoxies. Epoxy Dept. Food Machinery 
and Chemical Corp., 161 EF. 42 St., New 
York 17. 
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ADJUSTABLE ELECTRICAL LIMIT STOP 


One-page Form 142 describes limit stop 
321A with adjustment from 20 to 370 
deg. Stop differential angles, —4 deg 
each end of travel; operating torque, 
0.5 oz-in. Contains photograph and en- 
gineering drawings. Gap Instrument 
Corp., S. Main St., Newtown, Conn. 
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TRANSISTORIZED LOGIC MODULES 
Two-page data sheets, including de- 
scriptions, specifications and_ logical 
diagrams, cover 15 separate logic 
modules. Include blocking oscillator, 
delay multivibrator, high-speed flip-flop, 
magnetostrictive delay-line driver and 
amplifier, analog multiplexer gate, sum- 
ming amplifier, servo amplifier, two-leg 
digital gate, active element, computer 
gate card, clock-pulse amplifier, digital 
gate, dual medium-speed flip-flop, indi- 
cator-tube driver, and clock oscillator. 
General Applied Science Labs., Inc., 
Merrick and Stewart Aves., Westbury, 
Ne ¥. 
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PHENOLICS 


Six-page Publication CDC-394, illus- 
trated, gives guidelines for designing 
with molding compounds. Lists typical 
applications and design properties and 
compares costs with metals. Chemical 
Materials Dept., General Electric Co., 
1 Plastics Ave., Pittsfield, Mass. 
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Postcard return cards are pro- 
vided at end of book as a con- 
venience to the reader in obtain- 
ing further information on— 


e New Components and Ma- 
terials 

e Literature for the Design 
Engineer 

e Feature Article Reprints 

e Advertised Products 
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THERMOSTATIC 
UBD 


A PRODUCT OF 
THERMO-ELECTRONICS 

A DIVISION OF THE STUBNITZ 
GREENE CORPORATION, 
ANGOLA, INDIANA 


THERMO -ELECTRONICS 
COMBINATION OVERLOAD AND STARTING RELAY 


START ACTUATING MEMBER — 
START OmeTaLic wemmen— \ FRED START CONTACT 

j 
MOVABLE START CONTACT, 


COMPENSATOR GaETAL IC aSSEMOLY 


Lime ane 
Ame COnTAcTS 
LiNE ACTUATING MEMBER 


Le SwETALIC EMBER 


Manufacturers of domestic refrigerators and freezers, water coolers, 
bottle coolers, dehumidifiers and other fractional horsepower appli- 
cations, will find many advantages in this fine Thermo-Electronic 
product. 

. NORMAL STARTING: Current drawn by start and main 
motor windings causes start bimetallic member to flex upward, 
actuating toggle spring, which opens start contacts when motor 
is able to run:on its main winding. 

. AMBIENT COMPENSATION: With ambient temperature 
changes, compensator bimetallic assembly flexes same amount as 
start bimetallic member; maintaining constant relationship 
between start contacts. 

. OVERLOAD PROTECTION: As temperature of line bimetallic 
member increases, it flexes upward till pre-set temperature is 
reached. Toggle spring rapidly forces line actuating member 
down; opening line contacts, disconnecting motor. 

. “DERATING CHARACTERISTIC” allows full advantage to 
be taken of compressor output without sacrificing overload 
protection. 

. LOCKED ROTOR: When this occurs, start bimetallic member 
flexes upward, opening auxiliary contacts. Current now passes 
through beater and line bimetallic member, which flexes upward 
and causes toggle spring to open line contacts, disconnecting 
motor. 

Thermo-Electronics’ excellent Combination Overload and Starting 
Relay will give maximum protection and efficiency over thousands of 
cycles. That’s dependability. The three “bimetallic members” respon- 
sible for the proper operation of this unit are Chace Thermostatic 
Bimetal. Chace Thermostatic Bimetal is known the world over for 
dependability. More than a third-of-a-century of specializing in 
producing precision thermostatic bimetal has made Chace the 
recognized leader in its field. Specify Chace Thermostatic Bimetal and 
you specify DEPENDABILITY! 


Sead Now For Our Hew” Information Gooklet’ / 


It contains many well illustrated pages of valuable design data and 
examples of successful applications of bimetal! More than 40 types of 
Chace Thermostatic Bimetal are available in coils, strips and com- 
pletely fabricated elements of your design. 


/ W. M. CHACE Co. 
Thermostatic Bimetal 


(0) BEARD AVE., DETROIT 9, MICH. 
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Manufacturer’s 


Publications 
pee SCRA SRNR RARER RRA RAR 


For these selected publications on ma- 
terials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRO-TECHNOLOGY as your 
source, 


SILICONE FLUIDS 


Technical reference describes range of 
major silicone fluids as hydraulic and 
damping fluids, dielectrics and lubri- 
cants, antifoam agents, coatings for cer- 
amics and glass, and as additives in 
urethane foams as well as in the fields 
of textiles and paper release. Twenty- 
page publication S-9 differentiates be- 
tween available grades of silicone fluids 
according to viscosity and classifies 
them on the basis of physical proper- 
ties. A physical data summary chart 
permits identification of major grades 
of materials available, and a silicone 
fluid selector identifies silicone fluid 
grades by major application areas. 

Four-page technical bulletin 8-21 de- 
scribes experimental nitrile silicone 
fluids, contains tables and text showing 
typical properties of available grades 
as well as some suggested uses. Pres- 
ence of nitrile groups gives the silicone 
fluids high polarity, resulting in such 
properties as solvent resistance, limited 
electrical conductivity, and high dielec- 
tric constant. 

Write for publications on company 
letterhead to Silicone Products Dept., 
General Electric Co., Waterford, N. Y. 


PATTERNED ALUMINUM SHEET 


Forty-one different sample forms of 
patterned aluminum sheet are shown in 
“Designed Surfaces.” Publication pro- 
vides width and length availability data 
for alloys and tempers in which each 
pattern is normally available. Among 
the advantages to the designer are con- 
tinual introduction of new patterns, 
interchange and combination of pat- 
terns and finishes, pre-finished coatings, 
and adaptability to all aluminum fin- 
ishing methods. Copies may .be ob- 
tained on request to Aluminum Com- 
pany of America, 724 Alcoa Bldg., 
Pittsburgh 19. 


SERVO ENGINEER’S HANDBOOK 


Guide to the application of servomech- 
anisms, fourth printing, deals with the 
individual components and how to use 
them. Although the basic theory is 
presented, the overall treatment is prac- 
tical rather than classical. The price 
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General Electric Makes 
Eddy-current-coupling Drives 


And they’re dependable drives. The complete line includes 
water-cooled and air-cooled eddy-current couplings. We 
call them AWWAJROL drives. Ratings are from 1 to 

150 horsepower, operating from standard a-c power. 


A General Electric AWWAJROL Arive is not just another 
eddy-current coupling. For instance, in the water-cooled 
coupling, water control is packaged. You’ll see much less 
external piping. Furthermore, the coupling is protected from 
flooding—and the air gaps are dry, preventing corrosion. 


KINAJROL couplings are compact, field proven and 
dependable. General Electric has had a good deal of 
experience in the engineering, manufacturing, and 
application of packaged adjustable-speed drives. And we 
know how important service is to a customer. 


KINAJROL —2 good product, with the kind of service 
you can depend on. Please call your nearest General 
Electric Sales Office for further details. 


*Trademark of General Electric Company 821-07A 


IR COOLED, 7-1/2 to 100 HP WATER COOLED, 25 to 150 HP AIR COOLED, 1 to 5 HP 


DIRECT CURRENT MOTOR AND GENERATOR DEPARTMENT 
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HERE'S THE TOP TEAM... 
AGASTAT" 


time /delay/ relays 


...the triple threat answer 
to every industrial need 


AGASTAT time/delay/relays provide highest reliability for critical time 
delay applications . . . thanks to their unique principle of electrical actu- 
ation, pneumatic timing. The timing cycle is completely unaffected by 
voltage fluctuation, and remains stable through wide temperature varia- 
tions. 

All three AGASTAT types provide these field-proven features: instant 
recycling at any point during: the timing sequence; adjustable timing 
ranges from milliseconds to minutes; delay on pull-in or drop-out; and a 
wide range of ac and dc operating voltages. 

New front needle valve unit (top) is continuously variable from .15-sec. 
to 5 minutes. Dial head types (bottom) offer calibrated heads for linear 
adjustment from .05-sec. to 15 minutes. Miniature AGASTAT is available 
hermetically sealed or unsealed, with total range from .03-sec. to 3 minutes, 
supplied with solder lug, octal plug, or AN connector terminals. 

Complete technical data will be sent on any or all of these high-reliability 
AGASTAT time/delay/relays on request. Write Dept. 14-610. 


of the 128-page handbook is $3.00. 
Write to Daystrom, Inc., Transicoil 
Div., Worcester, Pa. 


VACUUM-DEPOSITED MULTI-FILMS 


Handbook E-306 presents general in- 
troduction and definition of multi-films. 
These metallic or non-metallic layers 
applied to prepared base materials such 
as metal, glass, pyrex, or quartz have 
uses in problems of heat control, since 
they will withstand exposure to ex- 
tremely high temperatures. Compli- 
cated designs can achieve their pur- 
poses with a total layer thickness of 
no more than 40 millionths of an inch. 
Copies may be obtained from Bausch 


& Lomb Inc., Rochester 2, N. Y. 


MEASUREMENT OF VSWR IN 
COAXIAL SYSTEMS 


Vol. 7, No. 3, of PRD Reports covers 
common types of coaxial lines; types 
of connectors and adapters; philosophy 
and definition of VSWR measurement; 
measurement equipment; and residual 
VSWR, slope and irregularities. For 
copies, write to Editor, PRD Reports, 
202 Tillary St., Brooklyn, N. Y. 


TRANSISTORIZED STATIC 
MACHINE CONTROLS 


Bulletin describes the uses of logic ele- 
ments and their accessories in automa- 
tic conveyers, automatic inspection and 
sorting, press control, annunciator sys- 
tems, and process control. Send writ- 
ten request to Delco Radio Div., Gen- 
eral Motors Corp., Kokomo, Ind. 


TRIG, LOG, ANTILOG AND LOG OF 
TRIG FUNCTIONS TABLES 


Pocket-size handbook contains 192 
pages of tables, formulas, interpola- 
tion and other information. Tables are 
to at least six places. Send $1.00 with 
letterhead request to Ottenheimer Pub- 
lishers, Inc., 4805 Nelson Ave., Balti- 
more 15, Md. 


POWER SUPPLIES CATALOG 


Twelve-page catalog, AL-1286, offers 
line of modular d-c power supplies in- 
cluding specifications, ratings, features, 
dimensions, weight, and types of pack- 
aging. Available upon request on com- 
pany letterhead to Peerless Electrical 
Products Div., Altec Lansing Corp., 
1515 So. Manchester Ave., Anaheim, 
Calif. 


Postcard return cards are pro- 
vided at end of book as a con- 
venience to the reader in obtain- 
ing further information on— 


e New Components and Ma- 


terials 
e Literature for the Design 
Engineer 
e Feature Article Reprints 
e Advertised Products 


AGASTAT sre ser nr commoner or mene 


ELIZABETH DIVISION # ELIZABETH, NEW JERSEY 
IN CANADA: ESNA CANADA, LTD., 12 GOWER ST., TORONTO 16, ONTARIO, CANADA 


Circle 193 on Inquiry Card ELECTRO-TECHNOLOGY 





TRANSFORMER COILS OF 


s®@. £F - 


A SUBSIDIARY OF RAYTHEON COMPANY 5 e 


HIGH PRECISION AC VOLTAGE REGULATORS ob eel line waloge to, 0.015% for we 


standards laboratories, for meter calibration 


and for other applications demanding a volt- 
e ° age source of highest accuracy and stability. 
Natvar Isoglas, used to insulate transformer 
MS coils has excellent thermal stability up to 
155°C continuous operating temperatures. 
_ NATVAR IsOoOG AS 


Sitlcen & Company, Inc., a subsidiary of Raytheon 


Company, manufactures a widely accepted line of con- 
trolled power equipment for research and industry — 
electronic and magnetic regulated AC and DC power 


supplies, regulators, stabilizers, frequency changers and 
> 


inverters. 


Eight coils are wound at a time on this multi- 
. -_: ple coil winder. Operators find Isoglas easy 
Materials are carefully selected, and must pass rigid to use because it is always pliable, yet tough 


inspection before they are accepted for production. and scuff resistant. 


Natvar Isoglas, a glass fabric coated with an isocyanate 
reacted resin, is used as interlayer insulation because of 
its excellent physical andelectrical properties. It is strong 


mechanically and is resistant to transformer oils, 
Askarel, and other non-flammable insulating liquids, Natvar Products 


. P Varnished cambric—sheet and tape 
and to all solvents commonly used in electrical Vicaiatend deinen condh edie 
and tape 
Varnished silk and special rayon— 
sheet and tape 

. . ° . ‘ Varnished papers—rope and kraft— 
If you need insulating materials with good physical and sheet and tape 
Varnished, silicone varnished and 
silicone rubber coated Fiberglas*— 


pay you to specify Natvar, and get in touch with your ee galtanetn Aboglas® 


wholesaler, or with us direct. Teraglas® 
Isoglas® sheet and tape 
Isolastane® sheet, tape, tubing and 
sleeving 
Viny! coated and silicone rubber 
coated Fiberglas tubing and sleeving 


Eatveted viny) tubing and tape 
Styroflex® flexible polystyrene tape 
ae NAT y 4 R CORPORATION 
*TM (Reg. U.S. Pat. Off.) OCF Corp 


We will be very happy to supply information 
FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION on any of our products on request. 
Telephone TWX Cable Address 


FULTON 8-8800 RAHWAY, N.J., RAH 1134 NATVAR: RAHWAY, N.J. 
207 RANDOLPH AVENUE @ WOODBRIDGE, NEW JERSEY 


applications. 


electrical properties, and exceptional uniformity, it will 
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The POWER behind the leading products 
3500 STANDARD 


built-to-order Bodine Motors! 
300 STOCK Bodine Motors! 


FOR office machines, instruments, timing devices, pumps, 


coin-handling equipment, communication equipment, 
therapeutic devices, sound-recording and reproducing 
equipment, machine tools, plus many other applications. 


TYPE N MOTORS: 


Bodine Type N Motors are manufac- 
tured in three basic sizes, with each 
size available in several different 
lengths. The smallest is only 33/,” in 
diameter ...the largest just over 5'/.” 
in diameter. Standard ratings range 
from 1/150 to 1/6 horsepower at 
1725 rpm... however, Type N Motors 
can be furnished in other ratings and 
speeds. Windings available: split- 
phase, capacitor, synchronous, shunt, 
compound, universal (series wound, 
including governor controlled). 


TYPE K-2 MOTORS: 


The K-2, which is one of the smallest 
distributed wound motors manufac- 
tured today, is only 23/,” high. Nor- 
mal 60 cycle output ranges from 
1/2000 to 1/500 horsepower on con- 
tinuous duty. Power is substantially 
greater than motors of clock type 
construction. These motors are well 
suited for applications, such as tim- 
ing devices, instruments, and related 
equipment which calls for relatively 
low output, and continuous trouble- 
free service. 


TYPE V-10 MOTORS: 


Supplied with a series winding, the 
V-10 has variable speed character- 
istics, and a full load speed of 5000 
rpm. It has a high starting torque and 
rapid acceleration, and can be oper- 
ated on either DC or AC. This is a 
compact motor and offers generous 
power with light weight and small 
enclosure. Three tapped holes in the 
end shield allow end mounting. Op- 
tional horizontal base mounting re- 
quires a motor frame strap. 


300 Different Stock Type of Motors Available Immediately from Distributors Located in Major Manufacturing Areas 


AND a wide range of special purpose motors 
and modifications 


eaten sail SS aceianis 
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Small Speed Reducer 
Motors in over 1600 
standard specifications! 


built-in speed reducers are used exten 
sively by manufacturers of motor-driven machines, 
who desire a compact, low-speed motor. By combin- 
ing the motor and speed reducer in one unit, all 
cumbersome and complicated speed reducer trans- 
missions, such as belts, gears, and chains are elim- 
inated. Design and installation time are saved. The 
unit is compact, quiet, and attractive in appearance 


Motors with TORQUES 


1.3 in. oz. to 350 in. Ib. 


SPEEDS 
0.6 to 300 rpm. 


RATIOS 
6:1 to 2880:1 


Trouble-free performance is assured 


» > Be 


Group 1...Speed reducer motors de- 
signed for transmitting low torques over 
a wide range of speeds. Motor diameter 
about 2%” to 3%". Worm of hardened, 
long-wearing, nitralloy steel cut on motor 
shaft (except for the low powered V-10R 
and NSP-11R). Laminated bakelite pri- 
mary gear. Secondary gear, bronze on 
ratios 180:1 or more; laminated bakelite 
on lower ratios. Ratios—Single Reduction 
Ratios — 6:1 to 30:1 Double Reduction 
Ratios—36:1 to 1120:1. 


Group 4...A double worm-gear reducer 
for, transmitting high (up to 219 in. Ibs.) 
torques at low speeds. Motor diameter 
approximately 4%”. Worms are accu- 
rately ground from hardened steel. The 
bakelite primary gear assures quietness; 
the hard bronze secondary gear provides 
long life. Ball bearings used throughout. 
Reduction ratios range from 72:1 to 
2880:1. Any specified mounting position 
may be obtained except gear head over 
motor. 


Group 2.. .A double worm-gear speed 
reducer designed to deliver moderate 
(up to 52 in. lbs.) torques at low speeds. 
Diameter of motor approximately 3%”. 
Both primary and secondary worms are 
of hardened nitralloy steel. Laminated 
bakelite primary gear. Hard bronze sec- 
ondary gear. Motor shaft has prelubri- 
cated ball bearings. Secondary and 
driveshafts have bronze sleeve bearings, 
grease lubricated. Reduction ratios—60:1 
to 1350:1. 


Group 5...A single réduction, right- 
angle worm-gear reducer, capable of 
transmitting substantial (up to 73 in. Ibs.) 
torques. Motor diameter 4%” to 5%”. 
Seporable hardened and ground steel 
worm. Gears of laminated bakelite or 
hard gear bronze, depending on torques 


delivered. Motor shaft has ball bearings, ~~ 


grease-lubricated with self-seals. Ratios— 
10:1 to 60:1. 


BODINE 


CA LC 


MOTORS 


BODINE ELECTRIC COMPANY 
Chicago 18, Illinois 


2506 West Bradley Place 
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FREE 


12-page technical 
bulletin 


Additional detailed 
information on the 
more widely used 
Bodine Motors is 
contained in newly 


revised bulletin S-2. 


Copies available 
on request. 


Circle 195 on Inquiry Card 


Group 3...A single reduction right- 
angle worm-gear reducer, designed for 
transmitting moderate (up to 21 in. Ibs.) 
torques. Diameter of motor approximately 
3%," to 4%". Separable hardened and 
ground steel worm. Laminated bakelite 
gear on steel hub. Motor shaft has ball 
bearings with built-in grease seals. Ratios 
—10:1 to 60:1. Motor Mounting—Any posi- 
tion except with gear housing above 
motor. 


Group 7...Extra rugged reducer for 
driving heavy (up to 198 in. Ibs.) loads 
continyously with ample reserve for over- 
loads. Loads are carried on ball bearings. 
All forces. directly transmitted to the 
motor feet. Separable steel worms are 
hardened and ground. Gear is of bronze. 
Ratios—8:1 to 48:1. Motor may be as- 
sembled to mount in any position except 
gear head over motor. 


K-2 Speed reducer motor designed for 
continuous duty applications requiring 
sturdy construction and exceptional re- 
liability. Small, rugged. Available with 
built-in spur or helical gearing. Syn- 
chronous or nonsynchronous. Distributed 
windings are used for highest efficiency. 
Speeds 300 rpm. to 0.7 rpm. Torque 1.3 
to 120 inch ounces. Frame-die cast zinc 
except for the steel laminations. Ball bear- 
ings are standard. Ratios—6:1 to 1800:1. 
Capacitor is included with each motor. 





New COMPONENTS and MATERIALS 


A staff compilation of ihe latest developments . . 
in electrically operated end products . . 


tions and available application data. 


SUBMINIATURE CIRCUIT 
BREAKER 


Series VP-3HE breakers are used to 
operate a signal light or alarm. Con- 
tacts are electrically isolated; rated at 


5 amp, 125 volts; 2.5 amp at 250 volts, 
d-c, 60 cps resistive; can also double 
as an ON-OFF toggle switch. Available 
for 120 volts, 60 or 400 cps or 50 volts 
d-c from 0.05 to 15 amp. Unit weighs 
1144 oz, measures 24% x % x 31% in. 
Heinemann Electric Co., 374 Magnetic 
Dr., Trenton 2, N. J. 
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FEP-INSULATED WIRE 


Fluorocarbon insulated thin-walled 
wires are UL approved; for use in back 
panelling of miniature circuits. Rated 
performance is to 200 C. Available in 
all standard colors. with or without 
stripes in AWG 20 through 26. Re- 
sistant to missile fuels. hydraulic chem- 
icals and solvents. Non-flammable in 
highly oxygenated atmosphere. Phila- 
delphia Insulated Wire Co., Moores- 
town, N. J. 
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POWER SUPPLIES 


Series L supplies operate over tem- 
perature range of —55 to +125 C. 
Eight units employ silicon transistors 


and rectifiers, high-temperature tanta- 
lytic capacitors, resistors and trans- 
formers. For rack mounting in varying 
or fixed voltages from 10 to 200 volts 
with overload protection. For either 60- 
or 400-cps operation. Size is 24% x 214 
x 7 in. Orion Electronic Corp., 108 
Columbus Ave., Tuckahoe, N. Y. 
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THERMAL SYPHON 


Device for dissipation of heat generated 
by transistors and diodes uses cooling 
liquid to remove heat. Available in any 
length. includes special feature which 
permits stacking of multiple units for 


compact installation.. Supplied with 
heat-exchanger tubing for greater heat 
dissipation. Inland Certified Electronics, 
323 W. Washington Blvd., Pasadena, 
Calif. 
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INSTRUMENT BEARINGS 


Series of bearings has large bore-to-OD 
ratio permitted by thin cross sections. 
Material used is 440C stainless steel: 
retainers are plastic with lubricant- 
absorption properties. Manufactured to 
ABEC Class 5 precision standards. 
Bore-to-OD dimensions are 0.0375/- 
0.6250, 0.500/0.7500, 0.6250/0.8750 in. 
and 0.7500/1.000 in.; widths are stand- 
ard at 0.1562 in. New Hampshire Ball 


. screened for design-in use 


. complete with all released specifica- 


Bearings, Inc., Rt. 202, Peterborough, 
N. H. 
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ZENER DIODE 


Series of diodes offers voltage range 
from 3.9 to 33 volts; excellent voltage 
regulation over temperature range from 


—55 to +150 C. Types 1N1313 to 1320 


: 


have voltage range from 8.2 to 33 volts; 
types 1N1927-1937 range from 3.9 to 
27 volts. Power rating is 250 mw. Im- 
pedance values are to 8 ohms at 10 ma. 
Available in 5 and 10 per cent voltage 
tolerance. International Rectifier Corp., 
El Segundo, Calif. 
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FREQUENCY CONVERTER 


“Volcon” solid-state circuit converts 
voltage into frequency with 0.1 per cent 
linearity. Temperature drift is 0.2 per 
cent per deg C from 0 to +50 C. No 


equalizers or non-linear controls are 


employed. Nominal center frequency 
of 600 ke provides frequency deviation 
of +100 ke from nominal with 0.1 per 
cent linearity. Neshaminy Electronic 
Corp., Neshaminy, Pa. 
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TANTALUM CAPACITOR 


Type Q wet-anode capacitor has ad- 
vanced characteristics and improved 
service life. Exceeds MIL-C-3965-B re- 
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SILICON 
PLANAR 
2N709 


6 NSEC 7, MAX. 


MADE POSSIBLE BY FAIRCHILD PLANAR PROCESS 


VERY HIGH SPEED NPN SILICON PLANAR TRANSISTOR 
2 N 7 0 9 ULTRA-FAST SWITCHING APPLICATIONS 


JEDEC TO-18 PACKAGE 
300 mW POWER DISSIPATION AT 25°C. FREE AIR TEMPERATURE 


2N709 CHARACTERISTICS 


Condition 
Veg =5.0V; | 
Vp=0.5V; I¢ 
VWo=4.0V;I¢ =5.0mA) 
(lg =Igp=Ie = 5.0 mA) 
(Ig =10 mA; Vop = 0.5 V) 
(Ig =10 pA; | = 0) 
100muA = Wogp=5.0V; | = 0) 


Max. 


3.0 pf 
2.0 pf 


Typ. 
= 0 mA) 
=(0 mA) 
800 mc 
3.0 ns 6.0 ns 


120 


Contact your Fairchild Distributor or Field Office. Or write for 


ULTRA-FAST SPEED 


100-200 mc saturated switching circuits are 
now made possible and practical because 
of: typical ft of 800 mc, average DC propa- 
gation delay time of 3 nsec. (6 nsec. max.), 
3 pf Cob (max.) and 2 pf CTE (max.). 


LOW LEAKAGE 


With the 2N709 you can design micropower 
high speed satellite circuits with minimum 
allowances for leakage. Provides the param- 
eter stability and uniformity characteristic 
of Fairchild’s silicon Planar devices. 


LOW COST 


2N709 is on distributor shelves, ready for 
immediate delivery. You can have this ultra- 
fast, guaranteed, high-performance device 
at prices practical for the “breadboard” 
budget as weli as quantity production. 


complete specifications and pricing information. 


-AIRCHILMD 


2 Se 
SEMICONDUCTOR 
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545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF.- YORKSHIRE 8-816] - TWX: MN VW CAL 853 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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ee 
BEITER WilH 
A HEXSEAL" 


HEXSEALS are modular external seals. 
They fit onto switches, potentiometers, 
circuit breakers and lighted push- 
buttons. 


We also make: 


¢ SEELSKREWS” 
e SEELBOLTS* 
e SEELRIVITS® 
e SEELTHREDS*® 


SELF- 
SEALING 
HARDWARE 


APM PRODUCTS MEET 
ALL APPLICABLE MIL SPECS. 


Our list of modular seals is just too long 
for this ad. Let us send you our Catalog 
No. 359B. 


*Trade Mork 


Write or call: 


MISS RIVA SOLINS 


A.P.M. corp. 


41 Honeck Street, Englewood, N. J. 
LOwell 9-5700 
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quirements; standard life expectancy is 
3000 hr. In standard capacitance toler- 
ance of +10, +20, and +50, —15 per 
cent. Supplied in three case sizes; 


International Telephone and Telegraph 


| Corp., 320 Park Ave., New York 22. 
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_HIGH-VOLTAGE RECTIFIER 


Rectifier has subminiature elements as- 
sembled in series before encapsulation, 
giving piv to 3 kv with continuous oper- 
ating current of 50 ma. 


mum ambient operating temperature of 


Inc., 71 Linden St., West Lynn, Mass. 
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TIME-DELAY RELAYS 

Series 31800 timers have an accuracy 
of 0.01 per cent and are available with 
any delay range within the area of 50 
millisec to infinity. Working tempera- 


Maximum | 
; | Terafilm were left uncased and 


| subjected to temperature and 
| humidity conditions under which 


Terafilm—an important new 
polyester film—comes to you 


| from a new, controlled- 
capacitance ranges from 1.7 to 330 uf. | 


atmosphere plant. 
Here’s what this means: 


Terafilm is a remarkable new plas- 
tic development. Dimensionally 
stable, it has superior resistance 


| to moisture and heat. Electrical 


insulating properties are out- 
standing. Capacitors wound with 


capacitors wound with another 


| polyester film deteriorated com- 


pletely in eight days. After 21 
days, those wound with Terafilm 
were still intact. 

Terafilm also accepts printing 


RAE | and metalizing, has excellent 
power dissipation is 250 mw with maxi- | 


chemical resistance, and can be 


| laminated to other materials. 
150 C. North American Electronics, | 


Thus, its possibilities range over 
packaging, magnetic tape, metal- 
lic yarns, and other functional 
and protective electrical applica- 
tions—wire, cable, capacitors, 
coils, slot liners, tape... 

Rigid quality control is the key 
to the outstanding performance of 


| Terafilm. It is made of Eastman 


| Tenite Polyester in a dust-free 


controlled atmosphere employing 
the most precise production tech- 
niques. You can expect its quality 


| and service properties to conform 


to the most exacting standards. 
Terafilm is available in any quan- 


| tity you desire, and for samples 
| of the film or sheet, and detailed 


ture range, —54 to +71 C. Shock and 
vibration resistance, 30 g and 500 cps 
at 10 g. Contact arrangements range 
from SPDT to 4PDT. Contact ratings, | 
28 volts d-c or 115 volts a-c. Life, | 
100,000 operations. Reset time, 25 | 
millisec. Input, 24 to 30 volts, 5.75 | 
watts max. A. W. Haydon Co., Culver 
City, Calif. 
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INDUCTANCE-CONTROLLED 
OSCILLATOR 

Solid-state Model LSE oscillator is for 
variable-inductor transducers; requires 
only two wires from transducer, elimi- 


information at no obligation, write 
today. 


TERAFI LM 


TERAFILM 
CORPORATION 


Canal and Ludlow Streets 
Stamford, Connecticut 


ELECTRO-TECHNOLOGY 





IODAY.. 


Tenite Polyester—a remarkable new plastic— 


is being made into an important new film. 


Here are some facts you should know: 


With Tenite Polyester, Eastman launches a new plas- 
tic material. Today, it is already being made into 
biaxially oriented film by Terafilm Corporation, 
Stamford, Connecticut. This is an extraordinary plas- 
tic film—an extraordinary polyester film. 

It can be applied to many of the familiar uses for 
plastic films. But it will also accomplish many un- 
usual tasks with impressive results, chiefly because 
Tenite Polyester itself possesses such unusual proper- 
ties. This table will give an idea of some test results: 


Typical Physical Properties of 1-mil Film 


Density, g/cc 
Refractive index 


Tensile—Yield Strength, psi 
Strength at break, psi 
Elongation at break, % 
Modulus, 105 psi 


Tear strength, g/mil 

M.1.T. fold endurance, cycles 

Burst strength, psi 

Moisture absorption—24 hr at 25°C, % 
Water vapor permeability—g-mil/100 in2/day 


Flammability Will not sustain flame due to melting (ASA burning rate) 
Color Brilliant water-white 
Resistance to degradation by steam— 
No change after 8 days at 110°C and 100% R. H. 
Heat-distortion temperature, 2% at 50 psi 170°C 
Dielectric strength, 1-mil, 500 v/sec, 60-cycle 6,500 v/mil 
.5-mil, 500 v/sec, 60-cycle 9,000 v/mil 
Corona resistance, 1-mil, 2,000 volts, 60-cycle 150 minutes 
Insulation resistance, 100°C, 100 volts, 
5-min electrification > 104 megohm microfarads 
Dissipation factor, 1.0 kc, 100°C 0.006 
Capacitance increase, %, 100°C 2.0 


You might compare these figures with those on 
hand for any other plastic film. But there are addi- 
tional facts well worth knowing, and they can best be 
evaluated by seeing the film and reading about what 
it can do. Generally, the story adds up to this: 


New Electrical Benefits 


Film of Tenite Polyester is brilliantly clear and glossy. 
It has excellent dimensional stability along with high 
heat-distortion temperature and low moisture ab- 
sorption. Its electrical properties are most impressive. 

Film made from Tenite Polyester possesses a high 
dielectric strength along with an extremely stable 
dissipation factor and dielectric constant. These prop- 
erties, together with its excellent resistance to 
chemicals and moisture, provide important new bene- 
fits when the film is used as an insulating winding 
for wire, cable, capacitors, and coils, and as slot liners 
and tape. Dielectric constant of the film is about 3.1, 
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while a typical value for dielectric strength is 9000 
v/mil at 60 cycles and 500 v/sec for 0.5-mil film. 


Unusual Performance 


Eastman laboratories tested capacitors made from 
film of Tenite Polyester in comparison with those 
made of another polyester film. In both tests, the 
capacitors were uncased and were held at 110° C and 
100% humidity. Results after eight days are shown 
here. After 21 days of this treatment, the capacitors 
made from Tenite Polyester were still intact. The 
properties demonstrated by these tests mean sub- 
stantial savings in making capacitors; the case of a 
conventional capacitor is a major item in its cost. 


Other Film 
Similar uncased capacitors were made with film of 
Tenite Polyester for a commercial TV set, an electric 
organ, two radios, and several industrial controllers. 
The TV set is programmed to run nine hours per day, 
the organ 24 hours per day, and the radios and con- 
trollers are in intermittent service. Since testing be- 


gan some three years ago, not a single failure or defect 
in operation has occurred. 


Tenite Polyester 


See for Yourself 


These properties of Tenite Polyester hold many new 
and desirable advantages for the electrical and elec- 
tronic industries. In making your own appraisal of 
the film firsthand, you may wish to have samples and 
detailed information. Just write Terafilm Corporation, 
Canal and Ludlow Streets, Stamford, Connecticut, 
extruders of Tenite Polyester supplied by Eastman 
CHEMICAL Propucts, Inc., subsidiary of Eastman 
Kodak Company, Kincsport, TENNESSEE. 


slp a Nipple 


POLYESTER 


an Eastman plastic 
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How Convair-Astronautics 


Ky 


(and 84.999 other missile parts) 


The Manufacturing Control De- 
partment at Convair (Astronautics) 
Division of General Dynamics Cor- 
poration has a monumental prob- 
lem: how to keep track of the 
movement of over 85,000 individual 
missile parts. 


The solution: automated data 
preparation by means of a Friden 
Collectadata® system. Situated in 
key plant locations, Collectadata 
transmitters report virtually all parts 
movements—over 5000 every day— 
to central Collectadata receivers 
which record them into punched 


paper tape. At day’s end the Col- 
lectadata tapes are fed into the elec- 
tronic computer at Astronautics for 
further data processing. 


This is what Astronautics says: “The 
Collectadata has been in use at 
Astronautics for less than a year. 
But by eliminating tedious manual 
paperwork, and by assuring prompt 
processing of all inventory reports, 
it has already saved considerable 
time, trouble and money.” 


How much could Collectadata save 
you? Call your Friden Systems 
Man, or write: Friden, Inc., San 
Leandro, California. 


THIS IS PRACTIMATION: auto- 
mation so hand-in-hand with prac- 
ticality there can be no other word 
for it. 


riden 


Sales, Service and Instruction Throughout the U.S. and World 
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nating coil tap. Tunes to any IRIG 
channel, 3-volt rms output, 100-ohimn 
output impedance. Harmonic distortion 
is 3 per cent with low power consump- 
tion. Operates on 24 to 32 volts d-c with 
less than +1 per cent bandwidth 
change. Withstands shock, vibration 
and acceleration of 100 g. Temperature 
range is —65 to +165 F. Pace Engi- 
neering Co., 13035 Saticoy St., No. 
Hollywood, Calif. 
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EPOXY MOLDED RESISTORS 


Precision carbon and metal-film_re- 
sistors maintain stability from —60 to 
+365 F. Increased core provides 
greater film surface area. ASTM D570- 


a —_ a 


10T water absorption is 0.04 per cent: 
0.1 to 1 watt units exceed MIL-R- 
10509D requirements. Key Resistor 
Corp., 321 W. Redondo Beach Blvd.. 
Gardena, Calif. 
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MECHANICAL DRIVE UNIT 


“Dry Gear Drvves” are available in 
standard 1%, 34. 1, 114, and 2 hp rated 
output. Standard output shaft speeds 
range from 16% to 780 rpm. No oil 


used in speed _reducer/increasers. 
Custom-built units provide speeds from 
1 to 15,000 rpm. Unaffected by tem- 
perature changes from —60 to +200 F. 
External finishes are light green, white 
or unpainted aluminum. Machine Con- 
trol, Inc.. 310 Second Ave. No., Minne- 
apolis 1, Minn. 
Circle 513 on Inquiry Card 
(Continued on page 203) 
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Hundreds of switch and indicator combinations 
... With MICRO SWITCH reliability 


The functional color combinations on “Series 2” switches can be split later- 


ally or longitudinally. Up to four colors can be used behind each display 
screen. Projected color makes it possible for the display screen to change 
color to indicate a change in the circuit. 


Available switching units include hermetically sealed units, small but 
rugged long-life types and space-saving subminiature assemblies. Momen- 
tary-contact or alternate-action units are available in a choice of circuitry to 
exactly match requirements. Insist on MICRO SWITCH reliability by specify- 
ing “Series 2” push-button switches for your panel. You may obtain prompt 
engineering help by simply checking the Yellow Pages for the MICRO 
SWITCH Branch Office. Send for Catalog 67. 


Eighteen different switching units are 
available to match virtually all circuitry 
requirements. 
MICRO SWITCH . .. FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


ch cietiiaias Li Honeywell 


Sales and service offices in all principal cities of the 
MICRO SWITCH Precision Switches 


world. Manufacturing in United States, United King- 
dom, Canada, Netherlands, Germany, France, Japan. 





Start your panel design with the 
Reliability, Styling and Flexibility of 
MICRO SWITCH lighted push-button switches 


The flexibility of MICRO SWITCH “Series 2” lighted push-button switches 
enables you to precisely tailor your control panel to your requirements. 
Hundreds of switch and indicator combinations can be assembled by simply 
snapping together the correct modular parts. Their clean, modern styling 
complements your panel design without dominating it. Most important, any 
of the 18 switch units you select has MICRO SWITCH reliability. That’s why 
these “Series 2” switches serve on some of the most crucially important 
control panels in the world. Write for the colorful Catalog 67, or see the 
Yellow Pages for the nearby MICRO SWITCH Branch Office. 


MICRO SWITCH ... FREEPORT, ILLINOIS 
A division of Honeywell 


In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


Save 50% on space. Indicator and 
switching unit are combined in 
one device to save panel space. 


It’s asnap! Modular parts snap to- 
gether and then snap into panel 
slots without tools. 


Sales and service offices in all principal cities of the 


MICRO SWITCH Precision Switches re nn a riencary Aenean 


fia Home ywellL rece. vrcnivons 





PHENOLIC ROD 


“Insurok” Grade T-308R_ paper-base 
phenolic rod has low moisture absorp- 
tion, is wear resistant and is relatively 


stable. Can be used as electrical insu- 
lator under dry and humid conditions 
and as screw machine stock. Available 
in 42-in. lengths, 0.093 to 0.509 in. 
diameters. Flexural strength for 14-in. 
diam rod is 25,000 psi. Plastics Div., 
The Richardson Co., Melrose Park, IIl. 

Circle 514 on Inquiry Card 


METAL FASTENERS 

Line of aluminum, silicon-bronze and 
stainless-steel fasteners has high 
strength-to-weight ratio, is corrosion- 


resistant. Aluminum hex screws are | 


2024-T4 alloy, hex nuts are 6061-T6. 
No. 10 and 4 in. open-end acorn and 
acorn locknuts are also available. 
Silicon-bronze hex nuts and hex screws 


are to 34 in. Stainless-steel hex screws | 


and nuts are Type 305 alloy to 34 in. 
diam in lengths to 9 in. Russell, Burd- 


sall & Ward Bolt and Nut Co., 104 | 


Midland Ave., Port Chester, N. Y. 
Circle 515 on Inquiry Card 


NYLON GROMMET 

“Pipcat caterpillar” grommets are sup- 
plied in three sizes to fit 10 to 24 gage 
steel or aluminum sheets. Standard 
length is 10 in.; can be cut to required 


€ Circle 200 on Inquiry Card 





Radio Frequency Interference 
...and What to Do About It 


ICFS personnel brave the elements as they run 
a series of tests for one of their customers. 


PLANE, flying on autopilot, 
mysteriously veers off course 
and causes a tragic mid-air collision. 
Premature second-stage firing spoils 
a multi-million-dollar missile launch- 
ing. A switch transient on the power 
line to a computer fouls up the digi- 
tal pulse and suddenly two and two 
equal five! These are typical mani- 
festations of radio frequency inter- 
ference—major problem of elec- 
tronic designers and engineers! 


Until recently, controlling inter- 
ference was a cut-and-try, retrofit 
operation — time-consuming, often 
unsatisfactory, almost always highly 
expensive. But now modification of 
existing equipments has given place 
to relatively precise prediction and 
pre-control of interference in the 
design phase! 


Sprague’s unique Interference Con- 
trol Field Service is the leading 
exponent of this far more efficient, 
economical technique. Active in the 
field of interference since World War 
II, Sprague takes a bilateral ap- 
proach to interference control prob- 
lems. In 3 Sprague laboratories, 
strategically located in various parts 
of the country, interference measure- 
ment and prototype facilities are in 
constant use by customers who bring 
their equipment for evaluation, modi- 
fication and qualification. And in 
addition, Sprague puts competent 
Interference Control Specialists at 


the service of companies whose 
products must meet stringent inter- 
ference specifications, but who can- 
not be sure that they will. 


Interference prediction techniques 
developed over a period of years are 
successfully applied by Sprague 
specialists. Studying electrical sche- 
matics and mechanical layouts at 
customers’ plants, Sprague engineers 
design into these pre-prototype plans 
the suppression and shielding which 
assure compliance with interference 
specifications. This activity usually 
costs far less than conventional mod- 
ification of existing equipments. 


Current assignments of Sprague 
Interference Control Specialists in- 
clude a leading aircraft company, a 
nationally known manufacturer of 
radio telescope control mechanisms, 
the producer of an important missile — 
component, and a huge corporation 
engaged in developing data link and 
telemetry systems for the Dyna-Soar 
program. 


Whether your interference prob- 
lem involves military or commercial 
electronic equipments, Sprague’s In- 
terference Control Field Service can 
speed and simplify solution. Pre- 
liminary discussion involves no 
obligation. For full information, 
contact the Sprague Interference 
Control Field Service Department, 
Sprague Electric Company, 307 
Marshall St., North Adams, Mass. 
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new from Lear 


MINIATURE SERVOS 


Frequency Response: To 400 cps 
Weight: As little as 12 ounces 
Torque: From 1 to 73 Ib-in 


Low control power requirements and zero backlash are 
achieved with no sacrifice in reliability. 

The LEAR 3170 series actuators are 

exceptionally suited for use in... 


e Computers 

¢ Valve Actuators 

¢ Rocket Nozzle Control 

¢ Missile Flight Control 

e Analog-To-Digital Converters 


The LEAR 1333 TRANSISTORIZED 
AMPLIFIER with a 2” x 242” x 3” 
envelope, is available for use with 

the 3170 actuator. The integral 

power supply requires only 115 

VAC for excitation. The LEAR 

4514 System, consisting of the 

3170 actuators and the 1333 

amplifier is AVAILABLE NOW. 


Write for Data Sheet 111-14 for 
further performance information. 


OuTPUT SPEEDO ~ RPM 


MOTOR CURRENT ~ AMPERES 
(MOTOR VOLTAGE: 27 V 0C) 


OUTPUT TORQUE ~ POUND- INCHES 


PERFORMANCE CURVE 


% e O MECMANICAL BIVESION 
a eee ee te de eee re Y 
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lengths. Insulates holes over 3 in. diam, 


| may be used in combination to fit any 


size hole. Certified to meet MIL-P- 
17091B. Plastiglide Mfg. Corp., 1757 
Stanford St., Santa Monica, Calif. 

Circle 516 on Inquiry Card 


MINIATURE CAPACITORS 


Stable miniature capacitors retain 95 


per cent of capacitance with 100 volts 


applied. Capacitance change with 50 


volts applied is approximately 2 per 
cent. Capacity values from 47 to 4700 
pf. Sizes range from 0.130 x 0.130 x 
0.100 in. to 0.4 x 0.350 x 0.350 in. 
Rated at 100 volts from —55 to +150 C. 
King Electronics, Inc., 150 Waverly Dr., 
Pasadena, Calif. 

Circle 517 on Inquiry Card 


| NUCLEAR DETECTOR 


| “Guard Ring Detectors” are used for 


detecting charged particles in or out of 


| a vacuum, in one- or two-dimensional 
| arrays. Type NPSG-25 operates on 25 


| to 75 volts for general use. Type NPSG- 
| 75, for spectroscopy, operates from 75 


to 200 volts. Pulse height is linear, 


| response time is in millisec range. Solid 


State Radiations, Inc., 2261 S. Carme- 
lina, Los Angeles 64. 
Circle 518 on Inquiry Card 


SOLID-STATE TIMERS 


Miniature timers with no moving parts 


| consist of multi-stage silicon transistor 


timing circuit with delayed output. 
Hermetically sealed, weighs 0.8 oz, 


| measures 1.0 x 0.8 x 0.4 oz. Accuracy 


is +10 per cent, temperature range is 
—55 to +125 C. Exceeds MIL-E-5272B 


and MIL-E-5400 C. In fixed and adjust- 
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At Lamb Electric...Engineers with FHP motor 
“know-how’ solve intricate design problems 


At Lamb? every fractional horsepower motor design problem 
is special. Because the problems are special, Lamb engineers 
funnel their years of “know-how” into each intricate project. 
The result: unusual benefits for you. 


Fractional horsepower motors from Lamb incorporate the 
best possible design, flexibility, and production economy. 


If you have a special motor problem... here’s what you can 
expect from Lamb. Into the design goes years of experience 
in power components for aircraft, domestic and industrial 
products. Out of the design comes a personalized motor that’s 
dependable, smooth and efficient. 


Cost-wise, you’re way ahead, because Lamb Motors are 
mass-produced at the most favorable cost. 


Write today for descriptive folder. Or ask to have a District 
Engineer call and set up a personalized ‘Motor Conference”’. 


THE LAMB ELECTRIC COMPANY : Kent, Ohio 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric—Division of Sangamo Company, Ltd. 
Leaside, Ontario 


mb Electric 


reactionat woaserowen MOTORS 


Divisions of American Machine and Metals, inc., New York 7, New York TROY LAUNDRY MACHINERY 
RIEHLE TESTING MACHINES « DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS * FILTRATION ENGINEERS * FILTRATION FABRICS 
NIAGARA FILTERS ¢« UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. * HUNTER SPRING CO. * GLASER-STEERS CORP. 





Arnott Time ond Labor Coven 


for finishing wire leads 
with ARTOS AUTOMATIC CS-6 


A new collecting device 

is now available for use on 
the popular Artos CS-6 
wire-measuring, cutting 
and stripping machine. 


Illustration shows the 
Single Conductor Stranded Wire 
Single Conductor Solid Wire 
a 


2-Conductor Parallel 
Stranded Wire 


new collecting trough 
(AE-478). Upper trough 


collects wire leads up to 


60 inches long, then empties 


300 Ohm Television Wire 
Soe 
SJ Cord | after wire has been cut, 

Heater Cord >. 


into the lower trough 


thus saving operator time. 


Shielded Wire with Rubber Jacket 


Production speeds of 3000 finished wire leads per hour up to 
15 inches long. Maximum cutting length is 194 inches. . . strip- 
ping up to 2 inches at one or both ends. Artos also makes ma- 
chines that measure, cut, strip and attach terminals automatically 
at one or both ends. 


Operated by unskilled labor. Errors and work spoilage, due 
to human element, are eliminated. Machines are easily set up 
and adjusted for different lengths of wire and stripping. 


Proved performance. Time-consuming hand stripping jobs 
which once were a bottleneck in many plants are gone forever. 
As a result, Artos automatic wire strippers are paying their way 
in the mass production of television and radio sets, electrical 
appliances, motor controls and instruments of all kinds. 


If you need big capacity on wire lead finishing, WRITE for 
descriptive Artos Bulletin No. 36. Engineering consultation 
without obligation. 
AGENTS 
THROUGHOUT 


THE WORLD World Leaders in Automatic Machines 


for Finishing Wire Leads 


AR 1 OS esr 


2741 South 28th Street « Milwaukee 46, Wisconsin 
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able time delays. Tempo Instrument, 
Inc., Hicksville, L. 1, N. Y. 
Circle 519 on Inquiry Card 


CABLE CLAMPS 


Neoprene-coated aluminum clamps, 
Type NE, are insulated, have flame- 
resistant and strain-relief over-coatings 
of neoprene. Non-sliding grip prevents 


strain on connections. Available in sizes 
for ¥ to 2 in. cable in %o-in. incre- 
ments. Richco Plastic Co., 3722 W. 
North Ave., Chicago 47. 
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ROTARY SWITCH 


Series 3-1900 miniature 16-position se- 
lector switches have 2214-deg indexing; 
feature 1 to 12 decks for tap, transfer. 
and sequence requirements. Exceed 


MIL-S-6807A. Rated at 5 amp, 115 
volts a-c; 3 amp, 28 volts d-c resistive. 
Weight of one-deck, 16-position unit is 
three oz. Janco Corp., 3111 Winona 
Ave., Burbank, Calif. 

Circle 521 on Inquiry Card 


SERVOMECHANISM CONTROL 


Series of industrial-control modules in- 
corporates power supply, amplifier, gen- 
erator and power modulator; operates 
on 110 volts, 60 cps. Nominal gain is 
1200 ma/volt. Each unit is enclosed in 
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Available in portable, wall, flush and projection mounting switchboard cases. 


NEW Instrument Designs, 
Applications from Esterline Angus 


» &@ New “602"" Two-channel Recorder « Si- 
multaneously records two variants on adjacent 
2”-sections of single 6”-wide chart. Applica- 
tions: checking current and voltage, quality 
_ determination of arc welds, records of input 
~ vs. output. 


b New Analog-Event Recorder + One instru- 
ment does the work of two. . . simultaneously 
records analog data and up to 8 channels of 
event information on single 6”-wide chart. Ap- 
plications: wind speed and direction, substa- 
tion bus voltage and breaker operation, rate 
of production (speed) and conveyor operation. 


C New ‘'620"' Event Recorder with Tempen 
¢ Writes without ink, using electrically-heated 
styluses. Simultaneously records ‘‘when,”’ ““how 
long’’ and “Show many” on as many as 20 


channels. Applications: productive and non- 
productive time of any or all machines in a 
plant, circuit breaker action, qualitative an- 
alysis, missile performance. 


d New Expanded Scale Voltmeter + Pro- 
vides increased readability of voltage records 
as upper \ of voltage range is expanded to 
fill upper 80% of chart span. Applications: 
checking voltage regulation, voltage records, 
trouble-shooting. 


Standing solidly behind the creative designs of our engi- 
neering staff are the highly-developed skill and attention to 
detail of our master craftsmen. At right, M. R. Felske, 
Master Craftsman at Esterline Angus for 34 years. For more 
detailed information on any instrument or its applications, 
write: ESTERLINE ANGUS INSTRUMENT COMPANY, INC., 
Box 596-H, Indianapolis 6, Indiana. 


Excellence in graphic recording for over 50 years— -ESTERLINE ANGUS 


Makers of inst to record: MICROAMPERES, DC - MILLIAMPERES, DC AMPERES, AC AND D 
KVA, KVAR - E TRANSIENTS, AC - FREQUENCY - POWER FACTOR - EVENTS 


VOLTS, AC AND DC - WATTS, AC Pen 


. SPEED - POSITION » MOTION - PRESSURE - VACUUM Circle 205 on Inquiry Card 





EM 
AU 


Ae 


Royal has the skills and capacities to 
satisfy your coaxial or multi-conductor 
cable requirements . . . for electronic 
equipment, military applications, or 
———$_.} community TV in- 
stallations. Take a 
look at the Royal line 
... write for Bulletin 
4C-3-L listing stock 
constructions. Or let 
us quote on your spe- 

cial requirements. 

ROYAL ELECTRIC CORPORATION 

Saratoga Avenue 
PAWTUCKET « RHODE ISLAND 


in Canada: Royal Electric Company (Quebec) Ltd., 
Pointe-Claire, Quebec 


ROYAL, 
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| perature range 


a plug-in package and uses solid-state 
components on printed-circuit boards. 
Entire system is rack-mounted. Moog 
Servocontrols, Inc., E. Aurora, N. Y. 
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SELF-ALIGNING BEARING 


Bearing is self-aligning to 5 degrees off 
center line for mounting in 0.040 in. or 


heavier sheet metal by self-clinching | 


retainer. Retainer is steel, aluminum or 
stainless steel. Bearings are torque- 
resistant. Used on control shafts, pul- 
leys, dials, bearings. Permits rotary 
motion on linear-motion shafts. In shaft 
sizes from %2 to 14 in. Spyraflo, Inc., 
Drawer “E”, Miami 64, Fla. 

Circle 523 on Inquiry Card 


LOW-NOISE CHOPPER 


Miniature DPDT units for instrumenta- 
tion application operate from 1 to 500 
cps at microvolt levels. Available in | 
9-pin plug-in and flange-mounted mod- | 


els. Contacts are gold alloy rated at 
20 volts at 1 ma max. Operating tem- | 
is —65 to +125 C. 
James Electronics, Inc., 4050 No. Rock- 
well, Chicago 18. 

Circle 524 on Inquiry Card 


PANEL-MOUNTED RESISTOR 


Resistor with attached mounting bracket 
offers resistance range from 0 to 
30,000 ohms. Bracket acts as heat dis- 


| sipator when resistor is mounted on 


metal chassis. Terminations are leads, 
solder lugs, or quick-disconnect ter- 


UTA 
WER 


For simple or complex constructions, Royal 
has the know-how and capacity to fill your 
multi-conductor cable requirements. Royal 
Multi-Conductor Cables are designed, made, 
and quality-controlled to give you the cable 
characteristics you want most on the job — 
easy workability, foot-after-foot quality, 
topmost dependability. Send us your cable 
specifications ...or ask to have our repre- 
sentative call. 


ROYAL ELECTRIC CORPORATION 
Saratoga Avenue 
PAWTUCKET, RHODE ISLAND 
In Canada: Royal Electric Company (Quebec) Ltd., 
Pointe-Claire, Quebec 


ROYAL... 
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New | mv to1,000 v 
Null Voltmeter-— 


null meter, 
dc voltmeter, 
amplifier... 


in one versatile 
instrument! 


1 mv end-scale sensitivity! 
10 to 200 megohm input impedance! 


Low noise, low drift, unique ac rejection! 


Here’s real measurement versatility—a null meter, a dc voltmeter 
and a high-gain amplifier—all in one compact instrument! 

To provide for high sensitivity, high input impedance, low 
noise and drift, high ac rejection, plus superlative resolution and 
stability, the new ® 413A employs the ®-pioneered photocon- 
ductor chopper and other precise circuitry of the popular 9 412A 
Voltmeter-Ohmmeter-Ammeter. 

As a dc voltmeter, ® 413A offers high input impedance and 
input isolation from ground that allows operation up to 500 volts 
dc or 130 volts ac from ground potential. It measures from 1 mv 
to 1,000 volts end scale in 13 zero-center voltage ranges, providing 
2% accuracy and virtually drift-free operation. The 413 is espe- 
cially useful in resistance bridge measurement. 

As an amplifier, the ® 413A provides an output proportional 
to meter deflection, offering gain from 0,001 to 1,000 in 13 steps. 
Extreme linearity, high stability and low noise make it ideal as an 
indicating and control device. Typical application is for ampli- 
fying the output of a thermocouple in control systems, the zero 
set establishing an arbitrary reference. 

Moderate price plus Hewlett-Packard superior engineering 
and manufacturing standards, make the ® 413A today’s best 
value for flexible null and voltage measurement, and amplifica- 
tion requirements. 


HEWLETT-PACKARD COMPANY 


1078M Page Mill Road Palo Alto, Calif., U.S.A. 
Cable “HEWPACK” | DAvenport 6-7000 
Sales representatives in all principal areas 


HEWLETT-PACKARD S.A. 


Rue du Vieux Billard No. 1 Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36 
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® 413A Null Voltmeter 


Specifications 


VOLTMETER 


Ranges: Positive and negative voltages, 1 mv to 1,000 v end scale, 13 
zero-center ranges. 


Accuracy: +2% of end scale value 


input Impedance: 10 megohms on 1, 3 and 10 mv ranges 
30 megohms on 30 mv range 
100 megohms on 100 mv range 
200 megohms on 300 mv range and above 


AC Rejection: A voltage at power line or twice power line frequency 
40 db greater than full scale affects reading less than 1%. 
Peak voltage must not exceed 1,500 v. 


AMPLIFIER 

Voltage Gain: 0.001 to 1,000 in 13 steps 

Gain Accuracy: +112% 

Gain Linearity: +0.2% 

Noise: Less than 0.1% (rms) of end scale on any range 


Output: 1 volt for end scale deflection, same polarity as input. End 
scale corresponds to 1.0 on upper scale. Max. load current, 
1 ma. 


AC Rejection: Approx. 3 db at 1 cps, 80 db at 50, 60 cps 


Input Isolation: Greater than 100 megohms shunted by 0.1 uf to in- 
strument case (power line ground) 


Common Signal Rejection: May be operated up to 500 v dc, or 130 v ac 
above ground 


Dimensions: 1112” high, 71/2” wide, 10” deep (cabinet); 514” high, 19” 
wide, 71/2” deep behind panel (rack mount) 


Price: 4 413A, $350.00 (cabinet); 4 413AR, $355.00 (rack mount) 
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Manufacture of long-life, Hansen SYNCHRON 
Timing Motors is quality-controlled throughout, to 
make them the best synchronous motors for indus- 
trial and commercial applications. Skilled, experi- 
enced workers assemble Hansen SYNCHRON mo- 
tors to rigid standards. Each motor undergoes 51 
separate tests and inspections before shipment, in- 
suring users of the ultimate in silent, continuous, 
synchronous power for specific timing applications. 
Opérating éfficiently in any position, self-starting, 
self-lubricating Hansen SYNCHRON Timing Motors 
deliver from 8 to, 30 in./oz. guaranteed torque; at 
temperatures from —40 F to +140 F; in speeds from 
600 rpm down to ) rph; clockwise or counterclock- 
wise rotation. Over 200 types of output available. 


assembled in every * 
HANSEN 


The efforts of Hansen engineers have 


been concentrated in just one area for 
over 50 years — creating and applying 
synchronous power units to timing ap- 


plications. Use this experience to solve 
your specific timing problems. Contact 


your nearest Hansen representative, or 
write direct. 


| 
| 
| 
| 
l 
| 
HANSEN REPRESENTATIVES: 
THE FROMM COMPANY 

5150 W. Madison, Chicago, Illinois 
| H. C. JOHNSON AGENCIES, INC. 
| Rochester, N. Y. * Buffalo, N. Y. 
l 
| 
| 
I 
| 


Syracuse, N. Y. * Binghamton, N. Y. 
Schenectady, N. Y. 


ELECTRIC MOTOR ENGINEERING, INC. 
Los Angeles, Calif. (Olive 1-3220) 
Oakland, Calif. 


WINSLOW ELECTRIC CO. 
| New York, N. Y. * Chester, Conn. 
Philadelphia, Penn. * Cleveland, Ohio 


[*An average figure for Hansen 

SYNCHRON Motors . . . many are 
| designed for shorter life — others for 
| years longer. 


(3) 
al 
HANSEN 


MANUFACTURING 
COMPANY, INC 


a. 
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minals. Power rating is 35 watts panel- 
mounted, 25 watts in free air. Superior 
Resistor & Electronics Corp., 333 W. 
Superior P]., Frankfort, Ind. 
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THREADED SPACERS 


SP Series internally threaded spacers 
are available in lengths 4 through 114 
in. in %e-in. increments. Threads are 
MIL-S-7742 in brass per QQ-B-626 and 
corrosion-resistant steel per MIL-S- 


7720. Thread sizes are from No. 2 to 
3g in., class 2B. Heads are round, 
diamond knurl and hexagonal shapes. 
Standard Insert Co., 1710 Potrero St., 
So. El Monte, Calif. 

Circle 526 on Inquiry Card 


SHOCK ABSORBERS 


Plastic liquid dashpots incorporate 
tubular design for rigidity. Single or 
double action available with various 
end fittings. Standard models absorb 


energy from 1 to 886,000 in.-lb. Sizes 
are 1% in. long x \% in. diam up to 
70 in. long x 8% in. diam. Taylor De- 
vices, Inc., 200 Michigan Ave., Tona- 
wanda, N. Y. 

Circle 527 on Inquiry Card 


PERMANENT MAGNETS 


Two grades of “Alnicus” permanent- 
magnet material have high energy prod- 
ucts. Type USM75 has a nominal en- 
ergy product of 7.5 million gauss- 
oersteds; residual induction is 13,900 


gauss. Coercive force is 750 oersteds. 
Type USM65 has an energy product 
of 6.5 million gauss-oersteds. Residual 
induction is 13,500 gauss. In photo, 
“Alnicus” USM75 is at left and Alnico 
V-DG at right. Weight of both materials 
is 0.265 lb per cu in. U. S. Magnet & 
Alloy Corp., 266 Glenwood Ave., Bloom- 
field, N. J. 
Circle 528 on Inquiry Card 
(Continued on page 214) 
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Quick deli very 
of the Drive you need! 


When you purchase a Square D A-S Drive, you get 
a complete “package”—including drive motor, 
operator's station and all controls. You also get 
these important advantages: 

QUICK DELIVERY «¢ Square D's unique method of 
stocking sub-assemblies means quicker deliveries 
of packaged drives to meet your requirements. 


EASY INSTALLATION e Maintenance manuals are 
complete in every detail, including step-by-step in- 
stallation instructions. Moreover, each A-S Drive is 
completely factory-tested and adjusted when 
shipped — only a few trimming adjustments are 
needed to put it in operation. 


MINIMUM MAINTENANCE « Industrially rated 


components are used throughout, and extra-sturdy 
cabinets give lasting protection. Static elements 


and encapsulated circuits—which are virtually main- 
tenance-free — are utilized wherever possible. 


EXTRA SAFETY « Only push buttons with heavy- 
duty construction and potentiometers with indus- 
trial clearances are used in operator's stations, for 
maximum personnel safety. 

WIDE VARIETY AVAILABLE « There's a Square D 
“package” for any adjustable-speed job. You can 
choose from electronic, magnetic amplifier or motor- 
generator types — with ratings from 1/20 to 400 hp 
—and with accuracies to within fractions of 1%. 


justable-speed drives, and field specialists are 
trained to help you in the selection of the proper 
drive. 


Write FOR BULLETIN « Square D Company, 4041 North Richards Street, Milwaukee 12, Wisconsin 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled — 
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SPECIFYING PARTS FABRICATED FROM 
INDUSTRIAL LAMINATED PLASTICS? 


Taylor Fibre Co. belongs in your specifications 


These are just a few of the many parts regu- 
larly fabricated by Taylor Fibre Co. 


Notice they range from tiny, simple parts to 
large complex ones. No job is too small or 
too large for us to handle economically. 
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The fabrication of accurate parts from laminated plas- 
tics and vulcanized fibre requires the right combination 
of experience, materials, skilled manpower, and equip- 
ment to do the job economically—no matter how complex 
or simple the part may be. We have this combination: 
Taylor Fibre Co. is a basic materials manufacturer . . . 
produces both laminated plastics and vulcanized fibre 
in its own plants. . . offers more than 50 different grades 
of laminated plastics and a number of different grades 
of vulcanized fibre to fit almost all requirements . . . has 
been fabricating parts from these materials for many 
years. Taylor Fibre Co. has the equipment. Its Fabri- 
cating Division is completely equipped with all machine 
tools required to produce accurately finished parts to 
your specifications, even maintains a modern precision 
toolroom to turn out the dies, jigs and fixtures required, 
and special tools and machines if necessary. Taylor 
Fibre Co. has the manpower. Toolroom personnel and 
machine operators are all familiar with the problems 
involved in the fabrication of laminated plastic parts. 
And two plants—one in Norristown, Pa., the other in 
La Verne, Calif.—assure good delivery wherever you 
may be located. 

What does this mean to you as a buyer? Simply this. 
You can reduce inventory investment in raw materials, 
eliminate production headaches within your own plant, 
get the advantages of uniform quality control and quan- 
tity production, even if you have a number of assembly 
plants, and also lower unit costs. 

Our “‘why’”’ booklet tells the full story of the experience 
... the manpower . .. and the equipment at Taylor Fibre 
Co. to fabricate to specifications, in quantities required, 
in time desired—economically. Write for your copy today. 
Taylor Fibre Co., Norristown 37, Pa. 


~ Taylor 


LAMINATED PLASTICS 
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ULCANIZED 





In the broad range of 


%, Vasco prealloyed 
‘Metal powders 


TABI 
THT BC) 


for electrical and magnetic parts 


The many VASCO nickel-iron and silicon-iron powder alloys now availa- 








MULTI-PHASE TRANSFORMER 


| Series of transformers is used for three- 
| phase to two- or four-phase transforma- 


tions. Unit shown delivers 60 mw at 
400 cps. Input voltage is 11.6 volts rms, 


| three phase. Output is 11.6 volts, two 
| phase. Hermetically sealed lead ter- 


mination is seven-pin glass header. Size 
is 1 x 13g x '%g¢ in. Conforms to MIL- 
T-27A, Grade 4, Class R, Life Expect- 
ancy X, Family 01. Electrostatic shield 
minimizes signal transmission between 


| primary and_ secondary. Supreme 


Transformer Co., c/o Barlit, 64 E. Lake 
St., Chicago 1. 
Circle 529 on Inquiry Card 


MULTIPLE-ELEMENT 
SWITCHES 

Four-, five- or six-element speed-sensi- 
tive switches have independent NO and 
NC contacts rated 10 amp at 115 volts 
a-c. Normal speed can be as high as 


7000 rpm. Switches can be adjusted 
to operate simultaneously. Governor 
shaft rotation is in either direction. 
Synchro-Start Products, Inc., 8151 No. 


| Ridgeway Ave., Skokie, II. 


ble permit you to specify metal powder parts with magnetic properties | 


exactly fitting your requirements. These prealloyed powders (alloyed by | PLUG-IN CANS 


melting) enable significant reductions in lead time to full component pro- 


duction, frequent savings in cost, and interesting possibilities for minia- | 
turization. For details on VASCO prealloyed powders, and names of | 


fabricators of magnetic alloy parts, write us. 


“>, VANADIUM-ALLOYS STEEL COMPANY 


\VfA\ a POWDER METALLURGY DEPARTMENT 

v7] LATROBE, PENNSYLVANIA 

¢ > 
SPEcipY 
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| 


Circle 530 on Inquiry Card 


Two-in. square aluminum cans with 
installed 8-pin octal plugs are avail- 
able in 2, 214, 3, 31%, and 4 in. heights. 
Units have 0.040-in. thick bases; 0.020- 
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$-5018—replaces 5AU4, 5AW4, 5AZ4, 5T4, 5U4, 5V4 


5W4, 5Y3, 524, 5931, 6087, 6106 replaces 6X4 


$-5130—replaces 866, 866A, 3B28 


$-5343—replaces 816, 836, or 3B28 $-5033—replaces 6AU4, 6AX4, 6BL4, 


OCTOBER 1961 


and 866 at reduced voitage 


6W4, 12AX4, 17AX4, 25W4, 6U4 
$-5019—replaces 5R4 


S-5011A—replaces 80, 82, 83, 83V, 5Z3 
S-5017—replaces 024, 5X4, 5Y4, 6AX5, 6X5 


$-5251—replaces 5U4, 5AU4, 
5AW4, 5AZ4, 5T4, 5V4, 
5W4, 5Y3, 5Z4 


$-5367—replaces 8020 IMlustrations 


approximately 2 size 


$-5347 
replaces 
12BW4, 6BW4 


Sarkes Tarzian Tube Replacement 
Silicon Rectifiers 
improve circuit performance 


These standard Tarzian tube replacement rectifiers 
are directly interchangeable with over 95% of all 
popular vacuum tube rectifiers. Although they are 
generally smaller and more compact than the tubes 
they replace, their dc current ratings are as much as 
three times as high. 
In addition, they offer the inherent advantages of 
solid state rectification: 

1. Greater electrical stability 

2. Compact, rugged construction 

3. Instant operation; no warmup; 

no filament supply 


$-5344 
replaces 872A 


4. Cooler operation 

For applications requiring high efficiency, wide 
temperature range, and long-period, maintenance- 
free operation, these compact units are unmatched. 
They are available in production quantities, at 
realistic prices. Special designs and modifications 
engineered on request. Special tube replacement 
units designed by Tarzian engineers include recti- 
fiers with peak inverse voltages to 19,000. 


Write for specifications and prices of tube replace- 


ment silicon rectifiers. Application engineering serv- 
ice is available on request. 


SARKES TARZIAN, INC. 


World’s Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast 


Quality in volume 


Equipment Air Trimmers ¢ FM Radios e Magnetic Recording Tape « Semiconductor Devices 


SEMICONDUCTOR DIVISION e BLOOMINGTON, INDIANA 
/n Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema., inc., New York 
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replaces 8008 


Electric 

Silicone 

dielectric 
GUE 


protects t 
connectio 
eT IULG: 


Me NOU a 


Good heat transfer for 
transistor applications. 


Maintains protection 


F to 400°F; 
or evaporate 


Chemically inert 


mi (mena) 6 
other metals 
against corrosion. 


nformation on G-E silicone 
tric grease, plus a free 2 02 


ie tit 
he} Uv 


aaa eee aea atl 
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in. thick covers attached with three 
screws. The mica-filled plug is swaged 
into base. With or without various in- 
ternal-wiring structures. Vector Elec- 
tronic Co., 1100 Flower St., Glendale 1. 
Calif. 

Circle 531 on Inquiry Card 


CERAMIC-TO-METAL 
TERMINALS 
Hermetically sealed alumina units suit- 


able for service to 1700 F come in 20 
standard sizes ranging from %6 to 114 


in. diam. Rated in accordance with | 


MIL-T-27. Will withstand flashover 
voltage of over 27 kv. Metal is pure 
silver brazed to the ceramic. Assembly 
to equipment by soft soldering, braz- 
ing or welding. Advanced Vacuum 
Products, Inc., 430 Fairfield Ave., Stam- 
ford, Conn. 

Circle 532 on Inquiry Card 


FHP D-C MOTOR 


Series 310 motor, powered by flash- 
light batteries. is available in speeds 
from 45 to 1800 rpm. Battery drain is 
10 ma max. For continuous duty up to 


20 oz-in. at 1 rpm, with various shaft 
configurations. Suitable for low duty 
cycle or short-life applications. Bristol 
Motors, Div. of Vocaline Co. of Amer- 
ica, Inc., Old Saybrook, Conn. 

Circle 533 on Inquiry Card 


HIGH-TEMPERATURE 
COAXIAL CABLES 

Miniature coaxial cables are fabricated 
to MIL-C-17C. Types RG-178B/U, RG- 
179B/U, RG-180B/U are available with 
FEP-fluorocarbon jacket. Types RG- 





Why Die Stamped 
Circuits by 


Dytronics ? 


EXACT 
CIRCUIT 
DUPLICATION 


... 29,000 or 
5,000,000 units 


One of the major prob- 
lems in printed circuitry 
is exact duplication of the 
circuit pattern from unit 
to unit. The Dytronics die 
stamped process elimi- 
nates this headache by 
utilizing a metal-cutting 
die to delineate the con- 
ductor pattern exactly 
whether 25,000 or 5,000,- 
000 circuits are produced. 
A new booklet, “‘De- 
signing with Dytronics 
Die Stamped Circuits,” 
gives other important rea- 
sons for specifying these 
quality circuits and pro- 
vides information that 
will help you design them. 
Write for a free copy. 


= 
Daijtronics 


INCORPORATED 


ROCHESTER 37, MICH. 


A subsidiary of Taylor Fibre Co., 
Norristown, Pa. 
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REPLACE CRYSTAL CANS 
WITH ENCAPSULATED 
REED RELAY RELIABILITY 


The first 
“nackaged’’ line! 


Used for signalling and switching 
under dry circuit conditions as in 
military ground control and similar 
equipment, Struthers-Dunn encap- 
sulated reed relays out-speed, out- 
perform and outlast crystal can and 
other conventional relay types. 


Standard types (left) 


“ta DU : ... With 15 watt contacts; up to 20 poles; 
cou CO REED RELAY body length 17%”. 


Miniature types (right) 
. -. with 4 watt contacts; up to 12 poles; 
body length 1.062”, 


Contamination-proof contacts 
. .. Reed switches with gold contacts her- 
metically sealed in glass tubes. 


Complete mechanical protection 
. - » Switch assemblies with surrounding 
operating coil encapsulated in epoxy. 


Only 1 moving part per pole! 


From 1 to 2 millisecond operation 
... depending on type. 


From 20 to 200 million operations 
... Life determined by size and loads. 


Mount in any position 


. »- Ideal for either panel or printed board 
wiring. 


Write for Data Bulletins: RR-2 for 
standard sizes; MRR-1 for miniatures. 
Address: Struthers-Dunn, Inc., Pitman, N. J. 


STRUTHERS-DUNN 


PIONEERS IN RELAY RELIABILITY 


Sales Engineering Offices in: Atlanta e Boston e Buffalo @ Charlotte e Chicago ¢ Cincinnati @ Cleveland ¢ Dallas © Dayton @ Denver @ Detroit © High Point 
Kansas City ¢ Los Angeles © Montreal ¢ New York © Orlando ¢ Pittsburgh ¢ St. Louis * San Carlos © Seattle © Toronto * Export: Langguth-Olson Co., New York 
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187A/U, RG-188A/U, RG-195A/U, RG- 
Durakool works. Better for you longer —ise1/U Sitabie Win annealed cente 


. h ll = conductors. Maximum operating tem- 
é . 
= perature varies from 135 to 250 C. 
ih ay wit 2 steel Mercury Times Wire & Cable Co., Inc., Walling- 
ford, Conn. 


: TIMER RELAYS Circle 534 on Inquiry Card 
* CONTACTORS DISK FEED-THROUGH 
* TT SWITCHES =. 


Type 1107 encapsulated unit employs 
: ‘ a ceramic disk as a dielectric. Reson- 
All available insulated or bare ant frequency, over 1000 mc. Discoidal 
Timer “Fixed Time” Relays construction provides shielding in u-h-f 
Pre-set tamper proof timing in normally 
open or closed contacts. Choice of ‘2 
thru 20 seconds. 


Contactors 

30-60 and 100 amp. 1, 2 and 3 pole 
combinations. Normally open or closed 
contacts. 


Tilt Switches 

Will work in any position around the 

diameter. 1 amp. size is mercury to 

metal, over 1 amp. mercury to mercury and v-h-f bands. Available in from 5 to 

contacts. 1000 pf with a 500-volt d-c working 
voltage. Hi-Q Div., Aerovox Corp., 


ue; " Myrtle Beach, S. C. 
Silent Contactor oui tan yrtle Beac 


$ Circle 535 on Inquiry Card 
BFC-300 shown 
Hypressure-Hydrogen neetaeeng y) iT ig a k 0 rt) | 


are-quenched Bulletin 


60 ampere relay No. D738 i . oe AXIAL FAN 


Ciecle 216 on Inquiry Cord Tube-axial fan, Model F 234-1, is for 
electronic spot cooling or chassis cool- 
ing. Input is 3 phase or 1 phase, 400 


. ‘* CONTROL TEMPERATURES 
Kemi ye Momn'. ba e907 1103 


MAGNETIC / 
AMPLIFIERS 


Typical 6O CPS Relay Magnetic Amplifier. cps. Output is 100 cfm at 0.25-in. static 


ton a pressure at 55,000 ft, or 58 cfm at 1.0- 

—_ by using Acromag’s NEW Relay in. static pressure at sea level. Weight, 
gnetic Amplifiers, you can design : : 1 in. /0- 
tects a one microwatt DC signal from mounting. Electro Products Div., West- 
the thermistor bridge and controls ern Gear Corp., 132 W. Colorado St., 
the power relay. You can vary the Pasadena. Calif 
pull-in and drop-out points, and ; , . ‘ . 
change the set-point temperature, Circle 536 on Inquiry Card 
. quickly and easily by adjusting the 
msy2eve.s en «Pm can also ee PUSHBUTTON RELEASE 
| aNSFORMER sma voltages or currents, an 

("rr | contro! relays from sub-microwatt 7 

DC signals. Hold-down quick-release catch is 


All models are available from stock mounted by riveting or welding. Only 
for IMMEDIATE DELIVERY... pushbutton is visible; operated by 


. pressing to open. Measures 34 x 214 
Write, on company et for ra of new neerin 
i et copy deg £ 


gscuT-OFF BIAS 


#70 describing these 
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“EDISON 


OFFERS DESIGN ENGINEERS CONSISTENTLY 
RELIABLE MOTOR GENERATORS AND 
MOTOR GENERATOR GEAR HEAD ASSEMBLIES 


v 


| 


Consistent reliability, unit after unit, is assured when you use Edison 
motor-generators. Because reliability is designed into these compo- 
nents, and painstaking inspection follows every step of their construc- 
tion, you can be sure each and every Edison motor-generator will meet 
your most exacting requirements. 


Designed to meet and exceed the requirements of MIL-S-17806, MIL- 
S-17807 and MIL-E-5272B, these components give you performance 
reliability you can count on. 


Special one-piece moror-generator housings provide the compact, rug- These motor. generators 
ged construction needed for consistent performance under extreme are available with 
operating conditions. Unlike off-the-shelf components, Edison servo- or withont: gear heads 
motor-generators, available in production quantities, are specifically 

designed to operate as integral parts of your electro-mechanical system. 


For complete information on Edison motor-generators and motor- 
generator gear head assemblies, write for Catalog 3044, 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 


40 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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reject-reducing, cost-cutting 


APPLICATION ASSISTANCE 


Miller metallurgists make sure every bit of metal that 
leaves the Miller mills exactly meets all customer specifi- 
cations. Your individual metal order is checked and re- 
checked at every stage of production . . . with the skill and 
care an old Bavarian brewmaster applies to his art. Each 
time you order metal you can be sure that everyone at 
Miller feels that his job isn’t finished until that metal is in 
your plant, on your machines and completely satisfactory 
in every way. For expert technical help, meticulously 
produced high-grade metal and dependable delivery, place 
your next order for brass, bronze or nickel-silver strip, 
copper or copper-alloy tube in special shapes and sizes 
with the specialists at Miller... where you’re a name, 
not just a number on the job ticket. 


ROLLING MILL Tube Subsidiary 


DIVISION A. H. WELLS, INC. 


Meriden, Connecticut Waterbury, Connecticut 
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in., in 90- and 180-deg mounting. Fabri- 
cated of spring steel; button is steel, 
cadmium plated. Southco Div., South 
Chester Corp., Lester, Pa. 

Circle 537 on Inquiry Card 


MINIATURE THERMOSTAT 


Model 2100-1 thermostat is for use in 
fire-warning devices. Dust free, responds 
quickly with positive bimetal snap ac- 


| tion. Copper alloy terminals are corro- 


sion-resistant and the contacts are gold- 
plated. Operates over temperature range 
from —65 to +380 F. Electrical rating 
is 2 amp, 125 volts a-c. Thermal, Inc., 
667 Elmwood Ave., Providence, R. I. 
Circle 538 on Inquiry Card 


| MINIATURE CRYSTAL FILTER 
| Model S-78324, 3-ke filter for missile, 


| communication and control applica- 
| tions, meets MIL-C-3908 B vibration 


FREQ. 3 KC 
10 -8 -6 -4-2 O +2 +4 +6 +8 +10 


30 jt tt tt 
3) be T 
1-4 MINIMUM —+—+ 


41th 


| standards and applicable portions of 
| MIL-T-27A. Insertion loss, 3.5 db. At- 
| tenuation, 3 db bandwidth, 2 cps. Tem- 
| perature coefficient, 0.021 cps per deg. 


Input impedance, 500 k ohms. Output 
impedance, 500 k ohms. Size, 31 x 2% 
x 1%e6 in. Burnell & Co., 10 Pelham 
Pkwy., Pelham, N. Y. 

Circle 539 on Inquiry Card 


CONTROL SWITCH 


“Jet-Tron” is a pneumatic switch de- 


| signed to produce an electric signal 


when an object interrupts the flow of 
air across an opening. Unit is 7-amp, 
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Measuring ranges 


0-16.1 millivolt 
0-16.1 millivolt 
0-80.5 millivolt 


Compensator ranges 


0-1.1 millivolt 
0-5.5 millivolt 
O-1.1 or 0-5.5 millivolt 


Max. limits of error 


0.01 millivolt 
0.02 millivolt 
0.05 millivolt 


Rubicon Model 2745 portable po- 
tentiometer. Price: $425, F.O.B., 
Philadelphia. Write for Specifi- 
cation Sheet RS 2745a. 


This potentiometer has permanent accuracy* 


It’s possible to achieve impressively high potentiometer 
accuracy in one-shot tests under ideal laboratory condi- 
tions. And that is exactly how the advertised accuracies 
of some instruments are attained. 


Not so with Rubicon potentiometers. These are instru- 
ments you can count on for consistently stable, repro- 
ducible accuracy for their entire life. This accuracy is 
created by careful engineering and superb craftsmanship, 
not by premium-priced gimmicks. 


A case in point is our Model 2745 portable potentiometer, 
shown above. Its exceptionally narrow limits of error 
will apply every time you use the instrument. . . today 
and years from now. Incidentally, this is the only portable 


potentiometer that extends reference junction compensa- 
tion to the entire range of sub-zero measurements. It 
enables you to make a continuous series of measurements 
above and below the table reference temperature, 
without readjusting the compensator or reversing the 
leads. And its built-in Pointerlite galvanometer is sensi- 
tive enough to permit balancing to + 0.002 millivolt 
in circuits up to 15 ohms. 


This fine potentiometer and the entire Rubicon line of 
precision measuring instruments are available through 
Honeywell sales offices across the nation. MINNEAPOLIS- 
HONEYWELL, Ridge Avenue at 35th St., Philadelphia 


mis Honeywell 
fe Fit in Conttol 


SInce 1686 


HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. Manufacturingin United States, United Kingdom, Canada, Netherlands,Germany, France, Japan. 
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We operate a 


COMPLETE 


Motor Plant 


True economy in any manufactured 
product is achieved by more efficient 
production, not by the use of cheaper 
components. In General Industries’ 
plants, we produce practically every 
component of GI motors except the raw 
materials. Our self-sufficient, 
integrated production lines, employing 
the most modern machinery, permit 

us to offer you quality and economy 
unexcelled in the A.C. motor field. 

Add our 40 years’ experience in 
designing and building motors for every 
requirement, and you can readily see 
why leading manufacturers the 

world over prefer to Specify GI! 


SMOOTH 
POWER 


AC MOTORS 
1/1800 H.P. TO 1/35 H.P, 


Quantity Price Quotation on Request 


120-volt, SPDT, snap-action switch, op- 
erated by a 1.5 psi jet of air against a 
diaphragm. Automation Devices, Inc., 
3125 Brandes St., Erie, Pa. 

Circle 540 on Inquiry Card 


SELF-LOCKING CABLE STRAP 


Metalized, grey-plastic strap for secur- 
ing wire or cable to sheet metal in 
original equipment is inserted in a 
blind hole and securely locked by 


thumb pressure, without tools. Pro- 
vides high electrical protection, chemi- 
cal, corrosion and wear resistance, 
good strength and vibration character- 
istics. Fits for various-sized mounting 
holes and wire or cable diameters are 
available. Budwig Mfg. Co., P. O. Box 
4212, Glendale 2, Calif. 

Circle 541 on Inquiry Card 


RELAY RACKS 


Enclosed racks, FXR Series, are for 
standard 19-in. rack panels. Con- 
structed of No. 16 gage steel, with 


12-gage adjustable panel-mounting 
angles. Holes are provided in bottom 
to accommodate casters. Racks can be 
joined together to make multiple units. 
Cabinets are finished in black or gray 
wrinkle; gray or brown hammer-tone. 
Premier Metal Products Co., 337 Ma- 
nida St., New York 59. 

Circle 542 on Inquiry Card 


VINYL SURFACING 
MATERIAL 


“Decorlon” is a flexible, easily bonded, 
durable material which is handled, cut 
and fitted in the same manner as cloth. 
Comes in 0.030- and 0.040-in. gages 
on backing of moisture-resistant inor- 


aCe ae 


SDEPT. GL @ ELYRIA, OHIO 
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Make a simple, preliminary test. Check 
these AMPin-cert Connector features 
against whatever you’re presently using: 


e Compression crimping of leads to con- 
tact for maximum reliability backed by 
more than 20 years of AMP experience 
in solderless termination techniques 


e Choice of five types of contacts 


e Snap-in design contacts with cantilever 
beam construction for easy insertion 


When time counts, it usually adds up to money! Profit- 
nibbling time lost. 


In the case of pin and socket connections, add the 
uncertain reliability of other methods of terminating 
connections and you've got good reason to 
consider AMPin-cert* Connectors with crimped, 
snap-in contacts. 


AMPin-cert tape-fed, pin and socket contacts 
are precision crimped to leads on the 
AMP* Automachine at rates of more 


! than 1,600 per hour. High production 


rates, maximum reliability and 
low cost of semi-skilled labor 
combine with dependable 
connector performance 

for the lowest installed 

cost in the 


industry. 


and dependable retention forces 

e Choice of phenolic or diallylphthalate 
housings with or without cadmium 
plated aluminum shells in standard or 
environmentally sealed designs 

e Wide variety of configurations and sizes 
and complete line of matching hardware 
and accessories. 

Complete information will be sent upon 

request. Write today! 


*Trademark of AMP Inc. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « Japan « Mexico « West Germany 
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ganic felt. Mold and mildew resistant. 
; Flame-spread rating of 20 when tested 


according to ASTM E 84-59T. Avail- 
able in suede, knobby and _ striated 
a textures, in 20 colors, in lengths up to 


105 ft. long and 54 in. wide. Armstrong 
Cork Co., Lancaster, Pa. 
Circle 543 on Inquiry Card 


MINIATURE VACUUM 
THERMOCOUPLES 


Range of couples includes both stand- 
ard types for low and audio frequencies 
CONTACT BLOCK with heater ratings from 1.25 ma and 


CROSS ARM ASSEMBLY 


* 
i 
* 
. 
i - 4 


MAGNET ASSEMBLY up and u-h-f types for r-f applications 
with heater ratings from 5 ma. Un- 
mounted open-wire thermocouples avail- 
able for meter manufacture. Barker 
Sales Co., 339 Broad Ave., Ridgefield, 
N. J: 


TRIP-FREE THERMAL Circle 544 on Inquiry Card 
OVERLOAD RELAY 


The highest quality means the best control! Furnas Electric | COOLER FOR 
components, with their “years ahead” design and top quality INFRARED DETECTORS 
materials, assure you of top performance and longer con- 


ese ike Unit consists of a vacuum-enclosed de- 


tector cell mounted on a_ four-stage 
cascaded thermoelectric cooler which 


CONTACT BLOCK—non-tracking, fungus and moisture- 
resistant. Made of impact-resistant material to withstand 
severe usage. Deep arc chambers prevent arcing. 


CROSS ARM ASSEMBLY—of high-impact material for 
millions of operations. Stainless steel contact springs. Visible 
and front removable silver-cadmium oxide contacts. 


MAGNET ASSEMBLY —dual voltage—dual frequency coils, 
110-220 or 220-440 volts. Magnet features just one moving 
part. Layer wound encapsulated coil with built-in terminal 
board. Coils are built to withstand moisture, fungus and 
combustion. 


TRULY TRIP-FREE THERMAL OVERLOAD RELAY— 
—manual or automatic reset. Non-adjustable trip assures 
tamper-proof operation. Third overload kit can be added in +27 C. Also for cooling diodes, crystals, 
the field. A106 transistors, etc. Pesco Products Div., 
Se Borg-Warner Corp., Bedford, Ohio. 


e : * Circle 545 on Inquiry Card 
€ Write today for Bulletin 14-B1— 


. 1024 McKee Street, Batavia, Illinois PRINTED-CIRCUIT MOUNTS 


©CCCCCCCEEEEESEEEEEEEES | Printed-card “files” are for mounting 


in standard 19-in. EIA rack cabinets. 

FURNAS ELECTRIC COMPANY Single units hold 23, 30 or 38 cards. 
Mounting arrangement permits verti- 

BATAVIA + ILLINOIS cal stacking and tandem mounting. 

| Finishes are cadmium plate and clear 

iridite. Utilize connectors of cast Diall; 
(Continued on page 228) 


is capable of cooling a 15 mw load to 
—78 C when used with a heat sink at 


Sales Representatives in All Principal Cities 
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THIS IS THE 
REGISTERED TRADE-MARK 
OF A COPPER ON THE MOVE 


The electrical-electronic industries in particular are making more 
and more use of the benefits inherent in OFHC® brand copper. 

OFHC brand copper is more than just a deoxidized copper. It’s 
a copper designed to be oxygen-free from the start to the end of 
its processing. An: AMCO designed method excludes any chance 
of oxygen absorption 

To fabricators this means good ductility and workability—so 
necessary, for example, in wire drawing. Too, they can get fine 
finishes on tough jobs such as cold hobbing. 

Users prefer OFHC brand pper because, along with other 
qualities, they are assured of high uniform electrical and thermal 
conductivity. Extra resistance to oxide scale flaking at higher-than 


usual temperatures is another advantage. Characteristics like these 
make OFHC brand copper the choice for such critical applications as 
klystrons, multiple cavity magnetrons, cyclotron ind electron 


tubes requiring glass-to-metal seal 


learn how OFHC brand copper can benefit y Contact the Technical Service Section of An 


AMCO, a division of American Metal Climax, Inc 
| aa iT: f Amer f f 





® For the extra rigid requirements set 
by the electronic industry, Amco also 
produces “Certified” OFHC brand 
copper. Guarantees include a very low 
impurity content of high-vapor-pres- 
sure elements along with a higher 
resistance to hydrogen embrittlement 
than specified by ASTM #170-47, 
Section 6. 
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SILICONE NEWS from Dow Corning 


To up-date your designs 


Electrics...on the road back 


Fuel cells, turbine driven alternators and solar batteries are among the 
variety of approaches being studied in an effort to produce a practical 
electric car. “How soon” remains a point of conjecture. One thing’s 
certain, however. Dow Corning Silicones have already played an important 
part in up-dating accessory equipment vital to the electric car of the future. 


Traction motors are a typical example. Automatic Transportation Com- 
pany, Chicago, builders of electrically driven fork lift trucks, use silicone 
insulated traction motors powered from a gasoline engine driven generator. 


Automatic Transportation engineers specify Dow Corning silicone insula- 
tion for their traction motors because: these motors deliver more power- 
per-pound than drives insulated with any other material; silicone insulation 
provides a larger service factor, resulting in extra reliability; silicones have 
high resistance to moisture, corrosive fumes, thermal cycling and aging. 
They have what it takes for inching, frequent starts and reverses, long 
work cycles, and heavy loading when trucks climb ramps with a fork full. 


Circle 225 on Inquiry Card 


BP vow cornine 


ELECTRO-TECHNOLOGY 





--engineer with silicones 


New silicone insulation system 


CAPSULEX is the trade name for a silicone insulation 
system recently introduced by the Louis Allis Company. 
Rectangular copper conductors with basic insulation are 
formed and then impregnated with a Dow Corning silicone 
varnish. Next, the coils are wound with Guideline tape 
made from Silastic®, the Dow Corning silicone rubber. 
Finally, the whole formed coil is armoured with a glass 
web, impregnated with Silastic and vulcanized. The result- 
.nt protective sheath is chemical and moisture resistant, 
has high dielectric strength, is oil and abrasion resistant. 


Circie 226 on Inquiry Card 


Silicones give arcs the slip 


A coating of Dow Corning 3 Compound in the molded 
phenolic arc chutes of residential circuit breakers augments 
dielectric performance . . . assures long service life. Accord- 
ing to engineers at Zinsco Electric Products, Los Angeles, 
this grease-like material is used in their Type Q circuit 
breaker because it “heals itself” after each arc... 
increases surface resistivity of the phenolic walls... 
prevents tracking. 
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Heater bobbins molded of silicone 


Compact, lightweight, high efficiency air duct heaters for 
jetliners, built by Janco Corporation, Burbank, California, 
have numerous parts made from Dow Corning silicone 
molding compound. Each heater has 21 coil bobbins of 
silicone molding compound wrapped with resistance wire. 
The duct heater is rated for 15 kw input, 115/200 v, 400 cps 
operation and has the capacity to handle 90 pounds of air 
per minute to effect a temperature rise in excess of 45 
degrees F. Silicone molding compound was chosen as the 
dielectric material in this application because of its strength 
at high temperatures, good insulation qualities, resistance 
to heat cycling and thermal shock, and because it is odorless 


at operating temperatures. 
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Dow Corning Corporation, Midland, Michigan is your 
number one source for information and technical service on silicones. 
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Test It! 


lt’s silicone rubber 
on braided fiberglass 


SR-398 


A superior silicone rubber compound over 
fiberglass produces a tough and nearly 
glass-smooth surface for higher abrasion 
and cut-through resistance. It is tested 
to MIL-T-5438 specs. Tensile strength, 
1000-1200 psi, yet it expands to slip 
over terminals, connections. High die- 
lectric strength (8000v) maintained even 
after continuous use at rated 210°C. 
Write, phone, or wire for test samples. 


L.FRANK & SONS 


— 


LZ SOURCE for EXCELLENCE 
Insulating Tubings and Sleevings 
High Temperature Wire and Cable 


NORRISTOWN, PENNSYLVANIA 
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all 


contacts are gold-plated beryllium cop- 
per. Heights vary from 31% to 101% in. 
in 134-in. increments. Western Devices 
Inc., 600 W. Florence Ave., Inglewood 
1, Calif. 
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ADJUSTABLE-TEMPERATURE- 
COEFFICIENT RESISTOR 
Model 7610 “Temp-A-Just” has a 


worm-gear lead-screw adjustment of 
temperature coefficient over a range of 


+10 to +4500 ppm/C. Standard fixed 
resistance values are 100, 200, 500 and 
750 ohms and I, 1.5, 2, 2.5, 3, 3.5, 4, 


| 4.5 and 5 k ohms. Size, 1 x 1 x 0.3 in. 


Weight, 11 gm. Temperature operating 
range, —55 to +150 C. Conrad-Carson 
Electronics, Inc., 1347 Broadway, El 
Cajon, Calif. 
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MINIATURE COAXIAL 
RELAYS 
Model 2BN18DSR is a SPDT unit for 


applications to 1000 mec with cross- 
talk of 40 db or more and 0.25-db max- 


| imum insertion loss. Operating voltage, 


se 
: «= * 
‘} ; ¢ 9 


1 


26 to 30 volts d-c. Life, 1 million cycles 
continuous duty. Standard connectors, 
Type BNC. Dimensions, 2%6 x 24% x 1 
in. Typical shock and vibration specifi- 
cations, 40 g for 25 millisec and 15 g 


Stromberg- 
Carlson” 


RELAYS 


Telephone-type 
quality « reliability 
durability 

TYPE A: general-purpose. Up to 20 Form 


“A” spring combinations. 


TYPE B: gang-type. Up to 60 Form “A” 
spring combinations. 


TYPE BB: 


TYPE C: two on one frame. Ideal where 
space is tight. 


up to 100 Form “A” springs. 


TYPE E: characteristics of Type A, plus 
universal mounting. Interchangeable with 
other makes. 


Types A, B, and E are available in high- 
voltage models. Our assembly know-how is 
available to guide you in your specific ap- 
plication. If you desire, we can also provide 
wired mounting assemblies. 

Details on request from these Stromberg- 
Carlson offices: Atlanta—750 Ponce de 
Leon Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 Grand Ave- 
nue; Rochester—1040 University Avenue; 
San Francisco—1805 Rollins Road. 


GENERAL DYNAMICS 
TELECOMMUNICATION 
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Belden Lead Wire 


is easy to strip 
ANA solders readily without insulation aa 


eile ; snc ae SINCE 1902 
maintains its color identification CHICAGO 
through baking cycles and 
impregnations. 

; : BELDEN . . . one wire source for everything 
TORPONE PrOKEE peCDam electrical and electronic 


gives long service life. magnet wire ® lead wire * power supply cords © 
cord sets * portable cordage ® electronic wire © 


Complete stock line of UL voltage automotive replacement wire and cable ® aircraft wire © 


and temperature rated wire shown in electrical household replacement cords 
Catalog L59. 


PNY VY YY 


9 


Pe, 
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from 10 to 500 cps. General Communi- 
cation Co., 677 Beacon St., Boston 15. 


fracti onal Circle 548 on Inquiry Card 
olon horsepower Motors 
‘ MICROMINIATURE 
~ GUSTOM MANUFACTURED TO YOUR SPECIFICATIONS RESISTORS 


Units, for use in micromodule develop- 
ment, utilize the standard RCA wafer. 
Insu ze Better Prod uct Performance Wafer dimensions, 0.31 x 0.31 x 0.010 
; t in. Wafers have 12 interconnecting 


notches, three to each side. Resistance 
range, 100 ohms to 100 k ohms. Toler- 
ance, +1 sier cent. Temperature coeff- 
cient, 100 ppm/C. Dissipation, 42 watt 


YPE ZGM TYPE WGM TYPE YGM per wafer max. Four resistive elements 
CLUTCH GEAR MOTOR CLUTCH GEAR MOTOR WORM REDUCTION HEAVY DUTY 
Short Mounting Long Mounting GEAR MOTOR GEAR MOTOR can be placed on one wafer. Sample 


units from 1000 ohms to 50 k ohms 
available. Dale Electronics, Inc., Co- 


lumbus, Nebr. 
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MULTI-ELEMENT MODULE 


The “BIP-5500” is a binary-coded-deci- 
mal-to-decimal diode converter which 


TYPE ZMO TYPE SMO TYPE HGM TYPE HGM utilizes 40 silicon diodes in matrix logic. 
SKELETON MINIATURE SKELETON MOTOR HELICAL GEAR MOTOR HELICAL GEAR MOTOR 
MOTOR Available with Gear Box Short Mounting Long Mounting MULTI - ELEMENT 
; fr CONNECTOR 
, DECIMAL 
ouTPuTs_ — 
= SS)‘ INARY 


BW WE INPUTS 


= 
SS) 
WS 


TYPE QMO TYPE QAM TYPE ZGMB TYPE QGM 
REVERSIBLE REVERSIBLE GEAR MOTOR GEAR MOTOR REVERSIBLE - 
SKELETON MOTOR Totally Enclosed With Solenoid Brake GEAR MOTOR ae 
KAGE 


Cost-Saving ‘ Mounting Accommodations for Easy Installation 


Burroughs Corp., Electronics Compo- 
nents Div., P. O. Box 1226, Plainfield, 
Riaco 
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TEMPERATURE DETECTOR 


Unit with resistance wires interwoven 
with glass-fiber threads comes in from 
From 1/500 to 1/40 hp., Molon offers a wide range of ¥- to 3-in. widths. Can be provided to 
low-cost fhp motors, standard or special . . . skeleton fit irregularly shaped surfaces. Manu- 
type or gearmotors. Built-in mounting features cut in- 

stallation costs. Fast deliveries. Simply send your specs 
for our recommendations. No obligation. Write today. 


Molon Motor & Coil Corp. 


: 3737 industeifit Avenue * Rolling Meadows, linois 
Custom Designers and Manufacturers of Sub-Fractional Horsepower Motors and Gear-Reducers 
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MOTORS 
1/200 thru 200 HP 





=e—un>n 4 
a f ‘7 aed 


from machine tools to typewriters... 


..- Robbins & Myers 
motors power them all! 


Each R&M motor, 1/200 through 200 HP, is electri- 
cally and mechanically designed with life-prolonging 
features which assure dependable operation, simplified ; 
installation and low maintenance. From rugged machine TTT eM Clee fractions! meters. 
tools to complex business machines, there’s an R&M Panta ees ey) 1/200 to 1 hp 
motor for every job... Fractional and Integral H.P. 

Motors and Motor Parts in all popular mountings, elec- 

trical types and enclosures. Most are ready for off-the- 

shelf delivery. Others can be quickly produced. Should 

you require custom motors, R&M’s experienced appli- 

cation engineers, aided by modern electronic computers, 4 
can furnish the one design best suited to your needs. = g aN 


Write today for information, or send your powering ‘ A Le 


Sanaa ' special application, or series parts, 
problem to R&M. No obligation, of course! 1/100 thru 1/3 hp 1/50 to 1/2 hp 


ROBBINS & MYERS, INC., Springfield, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog Industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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MINIATURE 


BI-PIN FLUORESCENT LAMPHOLDER 


FOR T-5 LAMPS. 4, 6, 8, AND 13 WATTS 


Can be quickly mounted in smallest possible space with 
Single screw with various brackets when flush and surface 
mounting is desired; or as butt-on mounting without brackets. 
Rated at 75W. — 250V. Cat. No. 9240-2 


ACTUAL 
SIZE 


winCcLle F 
MINIATURES 


“Ss 


eee Nam 
iN 


‘ 
‘ 


en: 


ACTUAL 
SIZE 


MINIATURE 


““U’’ GROUND SNAP-IN OUTLET 


For that limited space application. Mounts in less than one 
square inch. Rated at 15 Amp — 125V. wire leads only. 
Strong spring steel mounting clip for materials .025” to 
.095” thick. Cat. No. 1540 


Take advantage of the new Circle F Miniature , 
devices. Practical, attractive, low priced 


. F m@ CIRCLE F MFG. Co. 
nee TRENTON 4, NEW JERSEY 


te 4 
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factured with either platinum or nickel 
wire. Suitable for use up to 1000 F. 
Control Indicating Corp., Bradley 
Field, Windsor Locks, Conn. 
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MINIATURE SWITCHES 


Series XM squib-actuated switches en- 
ergize six circuits in any open or closed 
combination simultaneously. Weight, 
11% oz. Size, 2 x 1 x %e in. Model XM- 


9 has six pairs of normally closed or 
open contacts. Models XM-38 to 42 
have (respectively) one to five pairs 
of closed contacts and a correspond- 
ingly appropriate number of open con- 
tacts. Operating temperature range, 
—65 to +160 F. Withstands accelera- 
tion of 1000 g. Dial Service and Mfg., 
Inc., Cleveland, Ohio. 
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AMP-HR METER 


Model 150 operation is based on Fara- 
day’s law for electromechanical deposi- 
tion. Consists of glass capillary con- 
taining mercury cathode and anode 
separated by liquid electrolyte gap. 
Under applied voltage, current flow 


o- 2 


Model {50 


Model |50-E 


transfers mercury across gap. Displace- 
ment of gap measures amp-hr. Con- 
tains reading microcoulometer, 11 in. 
long x 0.050 in. OD, with active scale 
length of 1 in. Meets MIL-E-5272C for 
vibration and shock. Operating tem- 
perature range, —30 to +110 C. Cur- 
rent requirements, under 250 samp. 
Intrinsic meter resistance, 200 to 300 
ohms. Meter calibration, 0.096 in. per 
ma-hr. Curtis Instruments, Inc., 45 
Kisco Ave., Mount Kisco, N. Y. 
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MAGNETOSTRICTIVE 
DELAY LINE 


“Magline” Model 106, for computer ap- 
plication, consists of seven delay lines, 


ELECTRO-TECHNOLOGY 





puts a customer in clover 
This engine fan-pulley hub was formerly 
a solid circular casting. The manufacturer 
had to machine the face, bore the ID, 
drill and tap four holes. The Amplexologist 
designed the present cloverleaf shape to 
reduce weight and material cost. Now 
produced by powder metallurgy, the hub 
requires no machining—except tapping the 


holes. Total savings 33%. Sound interest- 
ing? Call the Amplexologist. 


AMPLEX 


DIVISION 
CHRYSLER 
CORPORATION 
DETROIT 31, MICHI 


= 7 


SEND FOR THE SECRET q ENGINEERING MANUAL 2 NEW BEARING STOCK LIST 
OF THE 45 pages of technical information: How 20 pages. 1066 standard sizes of Oilite self- 
to determine correct applications for lubricating bearings— bearing material. 


AMPLEXOLOGI/ST’S SUCCESS powder metal parts, bearings, filters. Selection guide, engineering data. 
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SPURS 
HELICALS 


WORM AND 
WORM GEARS 


STRAIGHT BEVELS 
LEAD SCREWS 
RATCHETS 
CLUSTER GEARS 
ra RACKS Series 10000 
We make gears like these fora INTERNALS 
indicators, contellers, etc, fj © ODD SHAPES DISPLAY NUMBERS, WORDS, A versatile readout 
Tell us your needs. one COLOR, AND SYMBOLS! employing all the above 
bie d Sh. oes” mentioned features plus a large one inch char- 
oe acter size. Ideal for computers, electrical and 
cect, iN GEARS electronic test equipment, control systems, 
—_ > by mae and annunciation boards. Price complete from 


93 $18.00. Write today for complete detailed 
B. COVE G ZoZi) WETS: iA specifications and quantity prices. Z 
ae — InpusTRIAL ELECTRONIC ENGINEERS, Inc. 9 


5528 Vineland Avenue, North Hollywood, California 


4 


1035 PARMELE STREET, ROCKFORD, ILLINOIS 
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Write for 

Free 
Catalog 
Today! 


New Capacitors 
New Catalog! 


META-CAPS® 


and many more. A complete showing of 
Chicago Condenser’s unmatched line of 
capacitors. Metallized Mylar, Metallized 


PERM-A-CAPS® 


PI-CAPS® 


Paper, Mylar-Paper, Mylar, Polystyrene, 
Tefion, Kraft Tissue, etc. Styles and char- 
acteristics to meet any specification. 


Write for Your Free Copy Today 


CHICAGO CONDENSER CORP. 


3255 West Armitage Avenue, Chicago 47, Illinois 





WISCONSIN PORCELAIN CO. has the 
facilities to meet your production needs 
for ceramic parts...in any quantity 


MODERN METHODS. Highly developed 
manufacturing processes make it possible 
to obtain a high degree of accuracy on 


FACUITIES. Whether you require a few 
hundred or several million ceramic parts— 
Wisconsin Porcelain has the right size and 
type of equipment, in an al!-modern plant, 
equipped with the most modern tempera- 
ture controls to insure the utmost accuracy 
in holding dimensions. 


AROUND - THE-CLOCK- OPERATION. Uninter- 
rupted operation of our plant—24 hours 
a day, 7 days a week, 52 weeks a year for 
over 40 years has helped establish a 
reputation for prompt service and on-time 
deliveries. 


porcelain, refractory, steatite and filter 
parts. Thus, ceramics from Wisconsin Por- 
celain fit easily and accurately into place— 
increasing your production efficiency. 


Send us a sample or blueprint and tell 
us your requirements. We will be glad to 
quote prices and delivery. 


WISCONSIN PORCELAIN CO, 
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each with a delay of 212 usec, operat- 
ing at a bit rate of 300 kc. Includes a 
3.3 usec recirculating delay line used 
as a clock for the system. Size, 8 x 2 
x 50 in., including all transistorized 
circuits, or 8 x 4% x 50 in. without cir- 
cuits. Control Electronics Co., Ine., 
10 Stepar Pl., Huntington Sta., L. L., 
N.Y: 
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MULTITURN 
POTENTIOMETERS 


Series of potentiometers can be speci- 
fied with arbitrary number of turns. 
Standard potentiometer varies from 


1 to 40 turns, resistance varies from 
14 to 30,000 ohms. Temperature co- 
efficient is 20 ppm. Turns may be varied 
from 1% to 1000 turns for full resist- 
ance range. Pinions are stainless steel. 
Slip clutch can be provided to protect 
potentiometer. Vogue Instrument Corp.. 
2350 Linden Blvd., Brooklyn 8, N. Y. 

Circle 555 on Inquiry Card 


ROTARY CONNECTOR 


Non-separable unit for polyphase ap. 
plications can be used for continuous 
rotation up to 1000 rpm. Construction 
is four-wire, three-phase. Maximum 
rating, 10 amp at 250 volts. Four silver- 

(Continued on page 237) 
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illustrated aboveisa 
section of the sche- 


Goal of New Research Project tre artical neuron 


(nerve cell). 


MORE EFFICIENT 
COMMUNICATION SYSTEMS 


Research to explore the information processing in nervous systems is now underway at Bell 
Telephone Laboratories. Here, scientists are experimenting with newly developed electronic 
elements which are designed to imitate the actions of a living nerve cell. Too little is yet known 
about living cells to permit exact electronic duplication. However, experiments with groups of 
artificial neurons have roughly duplicated some of the eye’s basic reaction to light. This new ap- 
proach to studying basic nerve network functions can provide clues for stimulating further 
exploration into the fundamentals of the transmission of intelligence. 


Allen-Bradley is very happy that the quality of their hot molded resistors caused them to be 
selected for these exacting experiments. With their uniform properties and conservative ratings— 
A-B resistors will provide the same superior performance in your electronic circuits. Be certain 
you specify A-B hot molded resistors—especially for your critical jobs. Send for Publication 6024. 


A-B Hot Molded enemies QD oceeeeneeenenssmesesennennss> 
Composition Type TR 1/10 Watt MIL Type RC 06* 


Resistors Type CB 1/4 Watt MIL Type RC 07 
SHOWN ACTUAL SIZE Watt MIL Type RC 20 
Hot molded composition ; rate oa 

resistors are available ces Ces 
in all standard EIA and MIL Type RC 32 
MIL-R-11 resistance val- 

ues and tolerances. Fic alte a p 
*Pending MIL aes - 49 
Spec Assignment < MIL Type RC 42 


ALLEN -BRADLEY 


Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. * In Canada: Allen-Bradley Canada Ltd., Galt, Ontario 
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Use Low Cost Allen-Bradley Type J 


Pots for Constant Impedance 


Attenuators 


Reproduction of actual 
machine plot of A-B 600 
ohm Bridged T attenu- 
ator, showing the uni- 
form attenuation and 
constant characteristic 
impedance obtainable 


with A-B Type J variable 
resistors. 
4 
eT 


a re 
Bridged-T 


; A 
~~ 
oe | 
enamine’ 
FO eS 
[eee eS ene x 


ideal answer 

for L, T, Bridged T 
and Bridged H 
attenuators. 


PERCENT EFFECTIVE ROTATION 


Allen-Bradley dual and triple Type J variable 
resistors are widely used in attenuators in elec- 
tronic circuitry because they provide dependably 
smooth and uniform attenuation plus constant 
characteristic impedance. 

Stability, high wattage, long life, ideal uni- 
formity, plus remarkable compact structure are 
combined in the Type J to assure top perform- 
ance. The solid resistance element — made by 
A-B’s exclusive hot molding process— provides 
smooth control at all times. 


With this precise control over the resistance- 
rotation characteristics during production, A-B 
attenuators have a consistently uniform attenua- 
tion that approaches calibration accuracy... 
and the characteristic impedance can be held to 
+10% over entire rotation—end to end. The 
virtually infinite resolution eliminates the defi- 
nite incremental steps of wire-wound units, while 
freedom from inductance insures excellent high 
frequency response. For full details on Type J 
variable resistors, send for Publication 6024. 


ATTENUATION IN DECIBELS 


Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. » In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
QUALITY 

ALLEN-BRADLEY = iiccous 
COMPONENTS 












graphite brushes mate with silver-plated 
slip rings for continuous supply. 
Frankel Engineering Laboratories, Inc., 
Reading, Pa. 
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SOLID-STATE METER RELAY 


Voltage-sensing unit can monitor both 
high and low voltage limits to within 
2 per cent accuracy. Weight, 4 oz. Size, 


13g x 1 x 2 in. Circuits desensitized to 





both positive and negative transients. 
Withstands shock to 50 g and tempera- 
tures of +55 to +100 C. Guide Mfg. 
Co., 7602 San Fernando Rd., Sun Val- 
ley, Calif. 

Circle 557 on Inquiry Card 


WIRE MARKERS 


Type “Z Beta” markers, available in 
three sizes for 0.086 to 0.115, 0.066 to 
0.085 and 0.050 to 0.065 in. diam in- 
sulated wires, are one-piece, completely- 
closed, flexible units with expandable 
pleat which results in fast assembly and 
permanent marking. Markings include 
all alpha-numeric characters as well as 
commonly used symbols. Electrovert, 
Inc., 124 E. 40 St., New York 16. 
Circle 558 on Inquiry Card 


WORM-GEAR MOTOR 

Radicon units are motorized versions 
of worm-gear reducers. Center dis- 
tances as low as 14% in. Fan cooling 





and detachable mounting feet. Output 
torque range, 26 to 36,400 in.-lb. Input 
horsepower, % through 20 hp. Ratio 
range, 5:1 to 372:1. Foote Bros. Gear 
and Machine Corp., 4545 S. Western 
Blvd., Chicago 9. 
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SUBMINIATURE RELAY 


Hermetically-sealed, 2 amp, SPDT de- 
vice weighs 0.17 oz and is housed in 


€Circle 239 on Inquiry Cord 
















THESE ARE SPRAGUE’S TWO OUTSTANDING 





HIGH-TEMPERATURE MAGNET WIRES 


THIN 
SILICONE 
FILM 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up To 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 











CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 





307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.*# *« * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


Se 





THE MARK OF RELIABILITY 
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A FIST 
FULL OF 
RELIABLE 
POWER... 


... MERKLE-KORFF 
FHP GEARED MOTORS 


Engineers want unfailing reliability, higher 
starting torques, more power, more ver~- 
satility, more ruggedness ... in smaller 
packages. 

Merkle-Korff Geared Motors are the 
answer. They pack more torque into fist- 
sized spaces (even reversibles) with less 
weight and provide unequalled depend- 
ability. They represent not only a better 
buy, but better performance for equipment 
they power. 

Versatility? Thousands of combinations 
of motor types, speeds, torques, brakes, 
fans and mounting facilities are available 
as standard equipment. When you specify 
Merkle-Korff Geared Motors, you are speci- 
fying the best. 


Merkle-Korff Applications Engineers are 
always ready to serve you. Write or tele- 
phone, now. 


MERKLE-KORFF GEAR CO. 


211 North Morgan Street Chicago 7, Illinois 


USA: 


TORQUE & RPM 


Torques from .4 to 300 Ib.-in, 
at 800 to 1/5 RPM. Slower 
or higher speeds available on 
special order, 


MOTOR TYPES 


- include unidirectional 
shaded pole induction, tandem 
induction reversing, wound 
shading coil induction revers- 
ing, unidirectional synchronous 
and wound armature types for 
universal AC-DC and shunt 
wound DC with lead arrange- 
ment for reversing as required. 
115 volts, 60 cycles or DC is 
standard. Special voltages and 
frequencies are available. 


MOUNTING POSITIONS 


Horizontal or vertical up or 
down shafts in base mounted, 
no base (face mounted), inver- 


ted base or sidewall mounted 
designs. 


OPTIONAL FEATURES 


The Model BF Geared Motor 
may be ordered with leads, 
cord set, quick disconnect ter- 
minals, brakes, motor covers 
thermal overload protectors, 
right angle shafts and various 
oiling arrangements, 


Telephone: MOnroe 6-1900 


Circle 241 on Inquiry Card 


a 0.275 in. diam x 0.900 in. long tube. 
Shock and vibration resistance: 30 g, 
20 g from 5 to 1000 cps, 10 g from 
1000 to 2000 cps. Contact low-level 
rating, 8 “amp at 16 mv. Insulation re- 
sistance between leads, 10,000 megohms. 
Electro-Mechanical Specialties, Inc., 


Whittier, Calif. 
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HIGH-TEMPERATURE 
EPOXY ADHESIVE 


Type 810 two-component resin, consist- 
ing of paste and powdered curing agent, 
maintains adhesive properties for over 
200 hr at 400 F and will withstand 
short exposures to 500 F. Pot life, 15 
min at room temperature. Epoxylite 
Corp., South El Monte, Calif. 
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WAFER CLUTCH-BRAKE 


Unit for factory mating with precision 
servo potentiometers has a power con- 
sumption of 2 watts at 24 volts d-c. 
Dielectric test, 500 volts rms, 60 cps, 


from terminal to case. Insulation re 
sistance, 500 megohms min at 500 volts 
d-c. Operating voltage, 24 to 28 volts 
d-c. Clutch torque, 10 in.-oz min. Brake 
torque, 6 in.-oz min. Response time, 8 
millisec. Weight, 1.3 oz. Dynamic In- 
strument Corp., 59 New York Ave., 


Westbury, N. Y. 
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PRESSURE-SENSITIVE 

TEFLON TAPE 

Type IT material permits continuous 
use up to 350 F and short-time applica- 
tion up to 400 F. Adheres to glass, 
metal, wood, ceramics, etc. Fabricated 
to MIL-P-22241. Tensile strength, 3000 
psi. Elongation, 300 per cent min. Elec- 
tric strength, 3000 vpm. Not affected 


ELECTRO-TECHNOLOGY 





All things considered, CYMEL)” is the plastic to consider. 


AMINE 


Consider basic properties of Cymel melamine plastic: Hardest surface of any plastic 
yet developed - best wear resistance « high impact resistance - outstanding electrical 
properties under adverse conditions - extraordinary flame resistance « good dimensional 
stability - resistance to heat, boiling water and attack by solvents. m= Consider applica- 
tions: Cymel 592 (asbestos filled) for auto and aircraft ignition parts, radio, television 
and other electronic equipment components, circuit breakers, terminal blocks, switch 
gears. Cymel 1500 (wood flour filled) and Cymel 1502 (alpha cellulose filled) for auto 
ignition parts, connector plugs, industrial housings, meter blocks, wiring devices, 
switch gear housings. Cymel 3135 and 3136 os fiber filled) for heavy duty naval, 
military and industrial switch gears, electrical and electronic components, coil forms, 
terminal strips, stand-off insulators. Cymel 3020 (fabric filled) for terminal strips 
and circuit breakers. = Consider the fact that other Cymel molding compounds are 
available for applications where beauty and color are essential. For complete infor- 
mation and technical assistance, contact your nearest Cyanamid office listed below. 


AMERICAN CYANAMID COMPANY PLASTICS AND RESINS DIVISION 


Wallingford, Connecticut. Offices in: Boston + Charlotte » Chicago « Cincinnati + Cleveland « Dallas + Detroit « Los Angeles « Minneapolis 
New York + Oakland + Philadelphia + St. Louis « Seattle. In Canada: CYANAMID OF CANADA LIMITED, Montreal + Toronto 
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ee ase 
SPEED 
INDICATING 


ey ATI 


SERVOSPEED SPEED 
INDICATING SYSTEM 


@ Linear scale 
50 Division 
DC Generator 
Self-powered 
4%" Meter 
e Nema 1 Meter Case 
@ Standard Ranges 
0-100,250,500, 
1000, 2500 & 5000 


Calibrated in Percent, 

RPM, IPM, FPM, YPM. 
@ Rugged DC Generator 

—5/16” shaft diam. 
© Base or flange mtg. 


BASIC SYSTEM . . . $69.50 


Your application 
problems will receive 
prompt attention. 


Py aa canil 


Div. of ~ ELECTRO DEVICES inc 
4 Godwin Ave., Paterson, N. J 


ARmory 4-8989 
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by vapors or splashing of common sol- 
vents. Dilectrix Corp., Allen Blvd. and 
Grand Ave., Farmingdale, L. I., N. Y. 
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MINIATURE SYNCHROS 


Size 55 synchro units, packaged in 14- 
in. diam stainless steel housings, meet 


applicable portions of MIL-E5272. Op- 


eS 


=) Babe |. 


| erating temperature range, —55 to +95 


C. Excitation, 10.2 volts, 49 ma, 0.17 
watts. Frequency, 400 cps. Control 
transmitter sensitivity, 393 mv/deg. Dif- 
ferential sensitivity, 206 mv/deg. Day- 
storm, Inc., Transicoil Div., Worcester, 
Pa. 
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SMALL MOTORS 


Type M49-frame 3-in. diam two-pole 
motor is of open-end ventilated con- 
struction. Continuous-duty ratings from 
15 to 35 millihp in synchronous and 


through %2 hp in split-phase, two-pole 
design. Ratings through %o hp avail- 
able in four-pole, permanent-split ca- 
pacitor designs. General Electric Co., 
Schenectady 5, N. Y. 
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BERYLLIA-OXIDE SEALS 


Material has high resistivity and low 
dielectric loss at elevated temperatures. 
Thermal conductivity is superior to 
aluminum oxide and equal to alumi- 
num. Resistant to abrasion and immune 
to nuclear radiation. Ceramic-to-metal 
seals provide vacuum tightness to 2 X 
10-*° cu cm/sec of helium and mechani- 


THESE RUGGED 
JOHNSON VARIABLES 
PERE UL iaatials 


TRCN OL 
and SHOCK ! 


These ceramic-soldered Johnson Type 
“L”’ capacitors are an ideal choice for 
applications requiring extreme stability 
and strength. Rotor bearings and stator 
support rods are actually soldered direct- 
ly to the heavy 3%" thick steatite ceramic 
end frames. Impervious to shock and 
vibration, parts can’t break loose... 
capacity can’t fluctuate. ‘ 


SPECIFICATIONS 
Plate spacing is .030” 
rated at 1500 volts 
peak at sea level; over 
300 volts at 50,000 
feet altitude. Plating is 
heavy nickel . . . other 
platings available on 
special order. Requires 
1%"x1%" panel mount- 
ing area. 


SINGLE 


@ For complete infor- BUTTERFLY 
mation on Johnson Type 
“L" Air Variables or 
other quality Johnson 
components—write for 
your free copy of our 
newest catalog today! 


E. EF. Johmnsom 
3109-——-10TH AVE. S.W. © WASECA, © MINN, 
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NEW BRUNSWICK, NEW JERSEY 


THERMOSETTING ELECTRICAL TAPES for 
a wide variety of insulating applications. 
High resistance to moisture and solvents 


after curing. Excellent adhesive qualities. 


mead tas 





TAPES e ELECTRICAL INSULATING MATERIALS+ ADHESIVES 











COMPUTER 
PUTS eh 3 


VAT Mae Lae 


Series 


695-T D.C. 
Telephone Type 


RELAYS 


Complicated circuitries of the finest com- 

puters and business machines operate with 

extra long life and top speed with time tested 

Guardian relays. That is why Guardian Series 695-T tele- 

phone type relays are the preferred standard for most 
leading makes of computers and business machines. 


Long Life: Series 695-T has established a record in excess of 130 million 
operations. 

Operating Speed: As low as 6 ms on Attract and 1.5 ms on Release 
depending upon contact combinations and coil characteristics. 

Power Requirements: Min. 0.04 watt; max. 4.35 watts. 


Enclosures: Dust proof or hermetically sealed enclosures with plug-in, solder 
hook, or radio type octal plug headers, 


Shite for the Guardian 16 page catalog 


featuring a.c. and d.c. Telephone Type 
Relays ranging from Sensitive Units for 
Precision instruments to Heavy Duty Types 


GUARDIAN W® ELECTRIC 


MANUFACTURING COMPANY 
1SS2-L W. CARROLL AVENUE, CHICAGO 7, ILLINOIS 
“Everything Under Control” 
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cal strength greater than that of the 
ceramic. Electronic Materials Corp., 
Box 373, 131 Lexington St., Waltham 
54, Mass. 
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MAGNETIC RECTIFIER 
CONTROL 


Model MRC 6203 permits positive fir- 
ing of all standard silicon controlled 
rectifiers over an operating range of 0 


to +85 C. Unit produces a high, nar- 
row, 3 millisec output pulse with an 
open-circuit voltage of 9 volts and a 
short circuit of 1 amp. Operating volt- 
age, 120 volts a-c. Fairfield Controls, 
Inc., 114 Manhattan St., Stamford, 
Conn. 
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NICKEL-CHROMIUM-ALLOY 
WIRE 


CRM B-800 material provides greater 
ease of soldering and reduced noise 
level in potentiometer applications. Fea- 
tures an oxide-free surface, the result 
of a special vacuum heat-treating proc- 
ess. Temperature coefficient of resist- 
ivity, +5 ppm over the —55 to +125 C 
range. Tensile strength, 130,000 psi 
min, 180,000 psi max. Thermal emf 
against copper, 1 »v/deg C from 0 to 
100 C. Diameter sizes available, 0.010 
to 0.00045 in. Consolidated Reactive 
Metals, Inc., 115 Hoyt Ave., Mamar- 
oneck, N. Y. 
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CONDUCTIVE 
POLYETHYLENES 


Three materials, for use as inner layers 
or outer jacketing on cables, incorpo- 
rate conductive materials while retain- 
ing desirable properties of polyethylene. 
“Bakelite” DFDA-0520 is for internal 
use in cables and is the most conduc- 
tive, with less than 144 ohm-cm volume 
resistivity. Type DFDC-5275 is used as 
lightning protection on multiconductor 
cables and has resistivity of less than 
10 ohm-cm. Type DHDA-7800 is suit- 
able for external jacketing and has less 
than 50 ohm-cm resistivity. Union Car- 
bide Plastic Co., 270 Park Ave., New 
York 17. 
Circle 569 on Inquiry Card 
(Continued on page 244) 
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How fo find laminations when you need them fast! 


High permeability lamination stock list goes out 
to purchasing agents and engineers semimonthly 


A stock list, mailed every other week, pinpoints the quan- 
tities and sizes of our high permeability laminations that 
are immediately available from stock. It’s sent to pur- 
chasing agents and interested engineers throughout the 
country. To get your regular copy, just address a request 
to Magnetics Inc., Department ET-94, Butler, Pa. 


What makes the stock list important? Depleted inventories 
or stepped-up production means that when laminations 
are needed, they’re needed fast—and in perfect condition. 
Magnetics Inc. stock list shows what types are available 
for immediate shipment. In addition, the stock list con- 
tains information on the new higher permeability “E” 
‘grade laminations. What’s more, stocks listed reinforce 
those maintained at regional outlets on the east and west 
coast (all connected by teletype to assure fast delivery). 


What makes Magnetics Inc. high permeability lamina- 
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tions special is the fact that they are the heart of high 
performance audio transformers, chokes and countless 
other fast response magnetic devices. They’re burr-free, 
precision-sized and flat (thanks in part to a standardized 
9” long carton that keeps the laminations undistorted 
during shipment and stocking). For more information, 
write to Magnetics Inc., Dept. ET-94, Butler, Pa. 
Magnetics Inc. also publishes a bi-weekly stock list on tape 
wound cores and permalloy powder cores. It’s available to you 
along with the laminations stock list. Ask for it. 


BE AE GB 


MAGNETICS inc. 
j ® 
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THE FIRST AND FINEST IN 

CONVERSION COATINGS FOR 

BRASS, ZINC, CADMIUM, 
COPPER, ALUMINUM 


The Chemical Corporation offers a com- 
plete line of uniform-controlled chromate 
conversion coatings that provide maxi- 
mum protection in one, low-cost, simple 
operation. Available for immediate de- 
livery as liquids or powders. 


always specihy lustir-on 


FOR BRILLIANT CORROSION-RESISTANT FIN- 
ISHES . . . rivaling chrome for many appli- 
cations where cost is a factor. Long-last- 
ing, easily controlled application. 


FOR CLEAR, BRIGHT and IRIDESCENT COAT- 
INGS .. . gives striking, attractive appear- 
ance with complete corrosion-protection 
«++ even when humidity and handling are 
involved during processing. Also yellow 
iridescent and olive drab for concealed 
parts or as a paint bond, 


FOR DECORATIVE COLOR ... on low-cost 
zinc. Brilliant golds, yellows, blues, 
age violets, reds, brass and copper 
ues. 


FOR ALUMINUM ... replacing costly ano- 
dizing where surface hardness is not of 
prime importance. Excellent finish for 
paint bonding. Save 25% or more with 
Luster-on complete package treatment: 
cleaners, de-oxidizer, sealer, 

FOR LASTING BRIGHTNESS . . . on both 
copper and brass without noxious fuming. 
FOR DIE-CASTINGS . . . one quick dip pro- 
vides uniform finish, ideal as a base for 
painting. 

We'd like to show you what Luster-on can 
offer you! Send in sample part today for 
free processing. Data sheets on request. 


BLAKODIZE* . . . chemical black treatment 
for steel, provides lustrous, rich, black 
finish with good degree of penetration and 
rust resistance, 

*T.M. Reg. 


The 


emical 


Corporation 


63 Waltham Avenve © Springfield, Moss. 
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SMALL TIME-DELAY RELAY 


Type BN1-522 relay is capable of 
switching loads up to 5 amp at 125 or 
250 volts a-c, or 30 volts d-c resistive. 
SPDT or DPDT contacts are snap- 
action. Time delay, achieved by hy- 
draulic-magnetic element using silicone 
fluid, may be obtained in any one of 
16 standard delay times from 14 to 120 
sec. Power consumption of vacuum- 
impregnated coil is a maximum of 2 
watts for a-c relays or 3 watts for d-c 
relays. Rated coil voltages: for a-c—6, 
12, 24, 48, 110, 115, 120, 208, 220, 230 
and 240 volts at 60 cps; for d-c—4, 6, 
12, 24, 28, 48, 64, 110, 120 volts. Over- 
all size, 2.1 x 1.8 x 2.1 in. Heinemann 
Electric Co., 374 Magnetic Dr., Tren- 
ton 2, N. J. 
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HIGH-VOLTAGE 
GERMANIUM TRANSISTORS 


Transistors 2N1924 through 2N1926 
are p-n-p units for high-voltage, gen- 
eral-purpose, low-frequency applica- 
tions. Absolute maximum ratings at 25 
C are: collector-to-base voltage, —60 
volts; emitter-to-base, —25 volts; col- 
lector current, 500 ma rms; operating 
temperature, —65 to +85 C; total 
transistor dissipation, 225 milliwatts. 
Semiconductor Products Dept., Gen- 
eral Electric Co., Kelly Bldg., Liver- 
pool, N. Y. 

Circle 571 on Inquiry Card 


ADD-SUBTRACT COUNTER 


Digital-readout counter Series DX6 has 
counting rate of 25 counts per sec. 
Rated life exceeds 100 million counts. 
For 6- to 220-volt d-c operation, or a-c 


with full-bridge rectifiers. Displays six 
digits, counts positive or negative; 
measures 2%6 x 2%6 x 27% in. deep. 
Presin Co., Inc., 2014 Broadway, Santa 
Monica, Calif. 
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Postcard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further information 
on— 


* New Components and Materials 
* Literature for the Design Engineer 


* Feature Article Reprints 
¢ Advertised Products 


PROTECT SILICON 


RECTIFIERS 


iia 


om 


LOW-COST SILGARD CLIPS SURGE VOLTAGES 


Now you can have effective protection against over-voltage 
damage to silicon rectifiers for very little cost — far less 
than the cost of derating rectifiers (which may not assure 
protection against transients). Silgard, developed by ITT, 
has high resistance to normal voltage — instantaneous low 
resistance to surge voltages, absorbing transients of long 
duration up to 12,000 watts. It’s simple, self-contained, 
easy to install, offers years of reliability. Also protects tran- 
sistors, controlled rectifiers, meters, solenoids, and relays. 


For complete specifications, 


write for Bulletin No. 361. 


SEMICONDUCTOR DEPARTMENT ® COMPONENTS DIVISION 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, CLIFTON, NEW JERSEY 


Circle 285 on Inquiry Card 


ELECTRO-TECHNOLOGY 





a 
. 
a 
| 
i 


ae ARN) We 
FILM-COATED MAGNET WIRE FOR 220 C 


Affords continuous high-temperature operation up to 250 C—resists heat shock up to 425 C 


The exceptional heat stability of Anaconda ML Magnet Wire 
makes it ideal for electrical equipment operating at con- 
tinuous high temperatures up to 250 C—such as high- 
temperature motors, yselays and dry-type transformers. This 
same heat-resistant characteristic also makes ML Magnet 
Wire a valuable tool in miniaturization and in reducing the 
size of larger equipraent. 


Tremendous overload resistance (as demonstrated by ther- 
mo-plastic flow above 500 C and heat shock resistance over 
400 C) makes ML Magnet Wire particularly suitable for 
portable tool armatures and other applications where “‘stall"’ 
conditions or unusual overloads may be experienced. 
Essentially zero weight loss to 200 C makes it. possible to 
use ML Magnet Wire for relays that will operate at fempera- 
tures up to 250 C with low space factor and comparatively 
low cost. Using ML Magnet Wire in sealed relays practically 
eliminates contact contamination due to ‘‘outgassing”’ of 
wire insulation. 

Other ML Magnet Wire advantages: high burn-out resist- 
ance and cut-through level; dry dielectric strength over 
3,000 V/Mil; excellent flexibility; good windability and 
scrape resistance. 

ML Magnet Wire is coated with a solution of ML Polymer, 
a new chemical development by duPont that represents a 
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tremendous improvement in heat resistance over organic 
coatings. ML Magnet Wire can be used as a replacement 
for most film-coated magnet wires, except solderable 
types, and many glass and glass Dacron wires. Where the 
positive inorganic spacing of glass is required, the com- 
bination of ML film and glass serving offers outstanding 
properties. ML Magnet Wire's combination of high tem- 
perature rating, excellent winding characteristics and 
space factor permits its use in many applications which 
formerly required the use of much more expensive com- 
binations of ceramics and fluorocarbons. 

ML Magnet Wire is available in all sizes of round, square 
and rectangular. Film additions are single, heavy, triple or 
quadruple thicknesses, all conforming with NEMA specifi- 
cations. ML also meets all requirements of Spec. MIL-W- 
583B for Class 180 Types H, H2, H3, and H4, and Class 
200 Types K, K2, K3, and K4. For prices, technical data and 
applications engineering information, contact Department 
EFL-1-ET, Anaconda Wire and Cable Company, 25 Broad- 
way, New York 4, New York. 


ASK THE MAN FROM 


ANACOND 


FOR ML MAGNET WIRE 


® 
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INow up to 500 PRY... the 


HIGH GURRENT SILICON 


Cathode terminal 


. . . tin dipped to provide low resist- 


ance connection. 


Gate 


. reinforced welded connection 
provides maximum protection against 


rough handling and leakage. 


Hermetic seals 


. . Kovar metal to matched oxide- 
bonded ceramic seals protect against 
thermal shock, cycling; enhance elec- 
trical stability, low leakage current. 


Welded main seal 


...maximum protection against hous- 


ing leaks. 


Steel hex 


. maximum protection against 


damage from wrench. 


Insulated lead 


. . Silicone rubber lead prevents 
shorting. 


Ceramic insulation 

. shock resistant, provides long 
creepage path which is ideal for 
severe industrial and military en- 


vironments. 


Hard soldered joints 


... maximum protection against fail- 


ures caused by thermal fatigue, cycli- 


cal loading; rugged tungsten back-up 
plates isolate junction from thermal 


Silicon pellet 
stresses. 


... large area diffused junction pro- 
vides conservative current densities, 


high surge current ratings. 


RATINGS AND CHARACTERISTICS 


cs0 N ' C60 
(2N1909-16) ' (2N2023-30) 


Transient Peak Reverse 

Voltage (Non-recurrent << 

5 millisecond)* Up to 600 Up to 400 volts 
Repetitive Peak Reverse 

Voltage (PRV)* Up to 500 : Up to 300 volts 
Max. Allowable Repetitive 

Peak Forward Blocking 

Voltage (PFV) 600 600 | 400 400 volts 
Minimum Forward Breakover 

Voltage (Veo) 500 500 ‘300 300 volts 
Peak One Cycle Surge 

Currené (I surge) 1000 1000 1000 1000 Amps 
Max. Gate Current to 

Fire at 25°C 70 70 70 70 ma 
Max. Thermal Resistance 0.4 0.4 0.4 0.4 °C/watt 
Storage Temperature —40 to +125 —40 to +125 —65 to +150 —40 to +150 “ 
Stud Torque 150 150 150 150 In-Lbs. 


"* Rating assumes rectifier cell heat sink of less than 3.5°C/watt. 
** C55 ratings identical to C50, except guaranteed turn-off time is 20 usec or less. 
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inside story of General Electric 


CONTROLLED RECTIFIERS 


G-E HIGH CURRENT SCR’s are three junction semi- 


conductor devices for use in power control and power 
switching applications requiring blocking voltages up 
to 600 volts and load currents up to 110 amperes D.C. 
Series and parallel circuits may be used for higher 
power applications. Outstanding features of the most 
completely specified high current SCR’s on the market 
today include: 


@ Well defined, sensitive firing characteristics over 
the complete temperature range 


OwABLE STUD TEMPERATURE ~*C 


@ Up to 500 PRV for 2N1909-16 (C50) series 4] i tamer ct enrrom 


OC, 16,30.66 CIRCUITS—RESISTI VE 
OR INDUCTIVE LOAD, 50 TO 400 CPS 
} 


AX) MUM 


@ Transient PRV ratings 


@ 100% testing of all specified electrical and thermal 
characteristics 


17t ratings permit easy fuse selection 


Operating temperature range available from 
— 65°C to + 150°C 


Available as inverter types with specified turn-off 


» 1 0 
times 


—] + sanimentear tank eon 
For complete technical data and applications informa- 1 be dcckend Ct |_| 
tion for your specific circuit requirements, call your - 4 2 
G-E Semiconductor Products District Sales Manager. MFOR SINUSOIDAL CURRENT WAVEFORM 
Or write Rectifier Components Department, Section inductive Load 80 TO, 400 CPS” 
20J34, General Electric Company, Auburn, New York. ttt 
In Canada: Canadian General Electric, 189 Dufferin “T Tt reel tl) ’ 
Street, Toronto, Ont. Export: International General ese 


’ AVERAGE FORWARD CURRENT-AMPERES 
Electric, 150 East 42nd Street, New York 17, N. Y. 
2N1909-16 (C50) Series. 





For fast delivery of High Current SCR’s at factory- 
low prices, see your authorized G-E distributor 


GENERAL @@ ELECTRIC 
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For overcurrent protection that fits hand-in-glove with tight operating specs, try the 
Heinemann Type C Overload Relay. You can practically design it yourself, to your particular 
requirements. And at reasonable cost. You not only can specify the exact integral or frac- 
tional continuous-duty current rating you need (between 0.02 and 60 amps), you can spec 
response characteristics, too. Within broad overall limits, you can have the precise time- 
delay-vs-overload action you want. All you have to tell us is the time within which actua- 
tion must occur at any specified overload value. In most cases, this value can be as low as 
115% rated load. (Because the Type C is magnetically actuated, the calibrated trip points 
you select will remain constant for the life of the relay—no ambient-temperature compen- 
sation is necessary.) m Optionally available with trip indication and lock-out features, the 
Type C Relay is fully described in our Bulletin 5103. Write for a copy. 


HEINEMANN ELECTRIC COMPANY, = BRUNSWICK PIKE, TRENTON 2, N. J. 


SA 2369 
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Laboratory and 
Engineering 
Equipment 


HEAT-SINK KIT 

“Astrokit” Series A contains seventeen 
units with three mounting kits. Na- 
tural convection units range from 
0.68 to 1.9 deg C per watt. Conduction 
units are for direct mounting to chassis. 


Suitable for experimental evaluation 
and testing purposes. Manual furnishes 
data for proper selection. Forced con- 
vection module includes fan. Astro Dy- 
namics, Inc., Northwest Industrial 
Park, Burlington, Mass. 
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TRANSIENT-VOLTAGE 
INDICATOR 

Solid-state, battery-operated Model 
741A indicator senses voltage transients 
in electronic circuits. Trip point fully 
adjustable over range from 0-2000 volts. 
Transients as short as 1 usec cause 
tripping and visual indication. Accu- 
racy is 2 per cent of full scale using 
charts supplied with unit. Can be cali- 
brated to +0.25 per cent for specific 
voltages. Repeatability for fixed dial 
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FULL LINE OF MINIATURE SNAP-ACTION SWITCHES 





B7001 SPECIFICATIONS 
Amps @ 28 VDC 

, or 120 VAC Ween 
Model No. Resist Induc. Circuitry Lbs. 

‘ B7001 7 4 S.P.N.O. .005 
B7021 7 4 S.P.N.O. .010 
T2106 10 5 2 Cir. .010 
T2108 10 5 2 Cir. .016 
T2150 3 1 D.P.D.T. .010 
T2151 3 1 D.P.D.T. .016 
T3103 5 3 S.P.D.T. .009 
T3106 5 3 S.P.D.T. .013 ' 
T4203 1 —_ S.P.D.T. .004 
T4205 1 — S.P.D.T. .013 
T-3 70 ao S.P.D.T. 1.6 Grams 


NOTE: All models above (except T-3) are available with maintained or 
momentary action. Self-sealing boot available for any bushing mounted 
model, as shown on T2150. All models available with flange or bushing 
type mounting. Basic switch Model T-3 is available with a wide variety 
of standard and special actuators. 





~ 


These miniature pushbutton and toggle switches 
are typical examples of our complete line of min- 
iaturized switches. Whatever your requirements 
for miniature hand-operated or mechanically-op- 
erated switches, we can meet your needs from our 
hundreds of standard and custom units. We offer 
an almost unlimited range of variations in con- 
figuration, actuation, ratings, operating charac- 
teristics, etc. 


S®EYDUMS UOlPY-deus sinveIUIW --GAMARN ONIMSSENIONG 








For more technical information on switches and 
indicator lights, write for FREE CATALOG No. 100. 





CONTROLS COMPANY OF AMERICA 


CONTROL SWITCH DIVISION 
4238 W. Lake St. * Chicago 24, Ill. 

SUBMINIATURE =atf{—) L10,000 

INDICATOR LIGHTS 


Moisture-proof. Only 35/64 amit L10,100 
inch overall. 60,000 hour 


life with 5V lamp. Translu- \ 

cent lens colors. Available with ) 110,200 
MS or commercial type lamp. . 

Three lens styles. 








Telephone: Van Buren 6-3100 * TWXCG-1400 













Manufacturers of a full line of switches, controls and Indicators for 
all military and commercial applications. All standard units stocked 
for immediate delivery by leading electronic parts Distributors. 
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BECKMAN’SIZES8 
SERVOMOTORS- 


CHOOSE 


HIGHEST PERFORMANCE 


COSTS NO MORE! 


Where highest performance and reliability are a must, you can count 
on a Beckman Size 8 Servomotor. Choose from 10 models—Servo- 
motors, Velocity-Damp Servomotors, Inertia-Damp Servomotors and 
Servomotor-Generators. They’re precision-built by Helipot and 
available at competitive prices—and in many cases can be shipped 
immediately from stock. 


All Beckman Size 8’s are rated for operation to 200°C total tempera- 
ture. They’re available for either 26 volt or 115 volt excitation. For 
other representative specs, check the table below: 


If your system 
calls for a size 8... 
cali on the 
Beckman Size 8 line! 


Size 8 Servomotor 


Model 9008-1502-0 
Size 8 Velocity— 
Damp Servomotor 
Model 9008-1302-0 
Size 8 Servomotor 
Damping Generator 
Model 9008-1101-0 
Size 8 Inertia- 
Damp Servomotor 
Model 9008-0901-0 


33/16.5v 33/16.5v 33/16.5v 


Fixed 

Phase 
Excitation 

Control 

Phase 


Torque at stall, 
oz. in. (nominal) 


33/16.5v 


Acceleration at stall, 
rad/sec? 


86,500 42,500 67,800 33,800 
Pe [er [ase [oe 


Overall length, inches 


2 


For complete application, price or delivery information, call your local 
Helipot Engineering Sales Representative ... or write directly to: 


ST Tet dest-leMe INSTRUMENTS, INC. 


HELIPOT DIVISION 


Fullerton, California 


POTS : MOTORS : METERS 


LL TC TT CE, 
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setting, +0.25 per cent. Input imped- 
ance, 1 megohm shunted by 5 pf ca- 
pacitance. Trott Electronics, Inc., 412 
Smith St., Rochester 8, N. Y. 

Circle 574 on Inquiry Card 


INSULATION TESTER 

Mark III “Megger” features steady 
output voltage and reading. Eliminates 
requirement for voltage stabilizer and 
batteries. Ranges available are 100 
yolts d-c, 0.02-20 megohms; 250 volts 


d-c, 0.05-50 megohms; 500 volts d-c, 
0.1-100 megohms. Double scale and 
selector for 0-10,000 ohms available. 
Instrument is suitable for testing and 
inspection. James G. Biddle Co., 1316 
Arch St., Philadelphia 7. 


Circle 575 on Inquiry Card 


FLASH-LAMP PULSER 


Pulser supplies light source for taking 
high-speed, short-exposure “strobe” pic- 
tures. Flash time is 1 usec, flash repeti- 
tion rate is 10,000 flashes per sec. 


Flashes have total luminous output of 
200 lumen-sec. Power required is 115 
volts, 60 cps, power consumption less 
than 550 watts. Shapiro & Edwards, 
1130 Mission St., So. Pasadena, Calif. 

Circle 576 on Inquiry Card 


VOLT-OHMETER 

Solid-state Type 21A semi-digital meas- 
uring instrument is accurate to ap- 
proximately three significant figures. 
Four voltage and six resistance ranges 
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New! Higher 


permeability, 


no extra cost... 


in small transformer core laminations. 


Pack extra performance into your miniature 
transformers at no extra cost with Magnetic 
Metals’ new mite-size transformer core lamina- 
tions. Use these carefully engineered laminations 
where you need high specific resistivity and low 
hysteresis loss, particularly where you require 
low core loss at high frequencies. They let you 
miniaturize your designs even further without 
sacrificing performance. 

Supplied only by Magnetic Metals, these new 
small laminations are made of ‘“‘Supermu 40’’* 
which provides the highest permeability com- 
mercially available. Advanced manufacturing 
techniques now bring this premium line of 
laminations to you at no extra cost. 


Write today for more information on our en- 
tire line of small transformer core laminations. 
Our engineers are ready to help you select, from 
the most comprehensive line of laminations in 
the industry, the best grade of material for the 
exact results you want. 


@) 


Hayes Avenue at 21st Street, Camden 1, New Jersey 


853 Production Place, Newport Beach, California 


transformer laminations + motor laminations + tape-wound cores 


powdered molybdenum permalloy cores + electromagnetic shields 
Circle 253 on Inquiry Card 251 


*79%, nickel-iron molybdenum alloy 
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\ DEPOSITED CARBON 
‘Y_ REsisToRS 


” Send for Bulletin: 7010-8 


6 ms JACKET 


VITREQUS ENAMEL-PROTECTED, 
POWER WIREWOUND RESISTORS. 


a, Send for Bulletins: 
ee rhio-a {Axial Lead), 7400-A (Tab Type) 


7 ® 
OOLOHM 


ERAMICINSULATED-SHELL, 
POWER WIREWOUND RESISTORS. 


“send om Engineering Bulletin: 7300-A 


a MASEAL 


A WiREWOUND RESISTORS. 
Ne” send or Engineering Bulletin: 7500 


Ss 
PERMASEAL 


Send for Bulletins: 
he aan shell), 7010-B (Ceramic shell) 


=<\\ -MEG-0-MAX 


oy GLASS JACKET HIGH VOLTAGE, 
HIGH POWER RESISTORS. 


ee Send for Engineering Bulletin: 7200-A 


SPIRAMEG 


HIGH.RESISTANCE SPIRAL ELEMENT 
\\___ RESISTORS. 


IN A ‘seared Engineering Bulletin: 7100 


SPRAGUE ELECTRIC COMPANY 
307 Marshall Street North Adams, Mass. 


SPRAGUE COMPONENTS: RESISTORS @ CAPACITORS @ MAGNETIC COMPONENTS © TRANSISTORS 
INTERFERENCE FILTERS @ PULSE NETWORKS @ HIGH TEMPERATURE MAGNET WIRE @ PRINTED CIRCUITS 


252 Circle 254 on inquiry Cord 


with full-scale values from 3.2-3200 
volts and 320 ohms-32 megohms. Ac- 
curacy is +0.15 per cent of full-scale at 
full scale, improving linearly to +0.05 
per cent at bottom of each range. Re- 
sponse time is 2 sec or less. Input im- 
pedance is 10 megohms. Weighs 9 Ib, 
measures 534 x 634 x 6% in. J Omega 
Co., Los Altos, Calif. 

Circle 577 on Inquiry Card 


VACUUM PUMPING SYSTEM 


Vacuum systems contain a three-stage 
water-cooled pump, stainless-steel cold 
trap, gate valve and bellows-sealed 
valves. All lines are copper, silver 
brazed. Two thermocouple tubes are 
used in vacuum-sensing element. Ulti- 


mate vacuum is 100 ymm Hg. Basic 
system may be packaged as vacuum 
evaporator or tube-pumping station. 
Available ia 2-, 4 and 6-in. sizes. Bon- 
De Electronic Laboratories, Inc., 361- 
363 Rantoul St., Beverly, Mass. 


Circle 578 on Inquiry Card 


OUTPUT-TO-INPUT RATIO 
ANALYZER 

Analyzer Model RAO1-0101-1 checks 
calibration of accelerometers, rate gyros 
and other devices using a potentiometer 
pick-off. Dial reading is direct indica- 
tion of wiper position of potentiometer 





SAVE SPACE WITH THIN, 
EXTRA-STRONG 
ELECTRICAL TAPES 

OF MYLAR® 


Here’s a pressure-sensitive tape that 
packs great strength into thinner 
gauges (20,000 psi for 1 mil). Tape of 
Mylar* polyester film saves space be- 
cause manufacturers can use thinner 
gauges with no loss in performance... 
at lower cost per linear foot. 

Want more? ‘“‘Mylar’’ also provides 
—flexibility for snug wraps—high di- 
electric strength (4,000 v/mt)—di- 
mensional stability at high humidities 
—moisture and chemical resistance 
—resistance to temperatures from 
—60°C to 150°C. And ‘‘Mylar”’ lasts and 
lasts because there’s no plasticizer to 
dry out with age. 

Insulation of ‘‘Mylar’’ gives motors _ 
50 to 100% longer service-free life. 
Gives capacitors longer-lasting stabil- 
ity, greater reliability. In a wide vari- 
ety of electrical applications, the ad- 
vantages of ‘‘Mylar’’ can improve the 
performance, lower costs. Evaluate 
‘‘Mylar’’ for your product. Write for free 
booklet (SC) detailing properties. 
Du Pont Co., Film Dept., Wilmington 
98, Delaware. 


ats 
BETTER THINGS FOR BETTER LIVING *Registered Du Pont trademark. 
... THROUGH CHEMISTRY tASTM D-149 
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NEW! 


Cost Saver 


Space Saver 


Time Saver 


29 SLIDE SWITCHES 


... the Ist High Quality Appliance Switches 
in the 10¢ Range 


Cost-Saving Construction in the 10¢ range for quan- 
tity users. Added savings in mounting and wiring. 


Space-Saving, Low Profile Design only *%,” mounting 
depth. Leads exit from ends, not bottom. Fits compact 
handles where others can’t — in cleaners, polishers, 
projectors, power tools, hair dryers, and others. 


Time-Saving Installation. Quick-connect terminals 
accept AMP “Faston” or similar insulated or non- 
insulated receptacles. 


Nyon-Insulated Terminals with molded-in creepage 
barriers. Need no supplementary insulation. Snap-on 
nylon terminal shield (optional) completely covers 
“live” parts. 


6-Ampere Rating at 125 volts ac. U.L.I. inspected. 
SP-ST or SP-DT circuits. 


Durable, Attractive with smooth “feel” and positive 
detents. Molded trigger knobs in three standard 
lengths and in colors for modern styling. 


Write for details on Types SS-37 and SS-37-1 from 
the world’s largest slide switch manufacturer .. . 


Electronic Components Division, Stackpole Carbon 
Company, St. Marys, Pa. 


BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT e¢ CERAMAGNET® CERAMIC PERMANENT 
MAGNETS e¢ ELECTRICAL CONTACTS ¢ FIXED & VARIABLE COMPOSITION RESISTORS © SNAP & 
SLIDE SWITCHES ¢ FERRITE CORES © GRAPHITE BEARINGS & SEAL RINGS e GRAPHITE 
HEATING ELEMENTS & ELECTRODES ¢ HUNDREDS OF RELATED CARBON & GRAPHITE PRODUCTS ; 


a 
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being tested. Absolute value of poten- 
tiometer under test or used for refer- 
ence is immaterial in bridge circuit 
formed by two potentiometers. Operat- 
ing ranges are 1 k to 10 k ohms and 
5 k ohms and up. Overall accuracy is 
0.10 per cent. Humphrey, Inc.. 2805 
Cannon St., San Diego, Calif. 


Circle 579 on Inquiry Card 
A-C CONVERTER 


Model 882 converter is a_ solid-state 
voltmeter-ratiometer. Converter devel- 
ops d-c output voltage proportional to 
a-c input signal. Average d-c balance 


time is 50 millisec; a-c balance time, 
1 sec. Features 5-digit display, decimal- 
point placement is automatic. Frequen- 
cy range is 30 to 10,000 cps. Accuracy 
is +0.1 per cent a-c, +0.01 per cent 
d-c. Power input is 115 volts, 60 or 400 
cps. Electre Instruments, Inc., 8611 
Balboa Ave., San Diego, Calif. 


Circle 580 on Inquiry Card 


APPLICATION KIT 


“Airpot” kit is a laboratory tool that 
solves electromechanical and mechani- 
cal stabilization, vibration and time- 
delay problems. Used for 2-way, l-way 
pull and l-way push damping modes. 
Low-expansion glass cylinder and car- 


bon piston tolerance is 0.0002 in. Color- 
coded piston and cylinder assure proper 
mating. Assorted coupling springs. Ad- 
justable for damping action. Electric 
Regulator Corp., Pearl St., Norwalk, 
Conn. 


Circle 581 on Inquiry Card 
SOLDERING IRON 


Featuring a weight of 234 oz, Model 
B2000 is intended for soldering micro- 
miniature circuits. Tip temperature, 
850 F; detachable cord set. Reserve 
heat capacity said to be sufficient to 
permit use where relatively large heat 


Circle 257 on Inquiry Card > 








Case in point; The new Vickers MEGA-POWER magnetic am- 


OITGS plifier...a high capacity, variable DC power source. An ideal 
L 


replacement for conventional motor-generator DC power sup- 


In Y plies, the MEGA-POWER is a completely static device. Re- 


liable. Without parts that move, whirl, wear out. Nothing to 


great foul, fracture, bend, bind, break down. Install it and forget 


it, if you choose. But do install it wherever you need controlled 


hil DC power for plating, electrochemical processes, accelerator 
magnets, other applications. 
f ) i ghee ; 


Vickers standard MEGA-POWER magnetic amplifiers are avail- 
able in seven sizes, from 75 hp to 400 hp.( Vickers Super-Power 


ial a better way to do something comes along. 


magnetic amplifiers make ideal preamps). For complete in- 
formation, write for Bulletin 1406-1. «> 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET + SAINT LOUIS 3, MISSOURI 


The new MEGA-POWER magnetic amplifier: more 
efficient... lighter... lower cost per KW... smaller. 





for rugged reliability 


in power rheostats 


insist on Mallory 


We’ve got a full line of standard units—from 
25 to 500 watts. Built for shock and vibration 
resistance. Unique, hinged contact arm is 
spring-loaded to maintain correct contact 
pressure . . . no contact loss from vibration, 
shock or overload heat. Conservative ratings, 
cool operation. And we'll design specials, too— 
any taper, mounting arrangement, multiples. 
Also a complete line of vitreous enamel wire- 
wound resistors — fixed, adjustable, tapped. 
Mallory Controls Company, Frankfort, Indiana. 


VW) 


wire-wound vitreous carbon plugs 
controls resistors controls switches & jacks 
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be 


~~. 


sinks are encountered. American Elec- 
trical Heater, 6110 Cass Ave., Detroit, 
Mich. 


Circle 582 on Inquiry Card 


TAPE COMPARATOR 


Regeneration and comparator system 
duplicates and compares five- to eight- 
bit codes for numerical-control or com- 
puter systems. A choice of eight sys- 
tems permits flexibility. Reads two 


tapes simultaneously at 1200 codes per 
min for finding errors. Duplicates and 
compares automatically into one tape at 
20 codes per sec. Edge cards are also 
duplicated. Friden, Inc., 97 Humboldt 
St., Rochester 2, N. Y. , 


Circle 583 on Inquiry Card 


DIGITAL BREADBOARD 


Building-block console is self-contained 
and fully assembled, including 30 to 
40 solid-state digital elements. Com- 
plete with manual pulser, manual reset, 


external pulse-input selector switch, In- 
cludes power supply, slide-on inter- 
connecting jumpers and _ necessary 
equipment for variety of digital net- 
works. Contains solderless inter-ele- 
ment connections and is short-circuit 
proof. Tech Serv, Inc., 4911 College 
Ave., College Park, Md. 


Circle 584 on Inquiry Card 


DIGITAL RELAY TIMER 

Timer measures operate and release 
time of relays with one to six poles 
with contact forms A, B, C and D. 
Contact currents are 0.1, 1.0, 10 and 
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National Electric is 
UTS a AEN 
COM ary mE 


National Electric VARNISHED CAMBRIC 


Reliably insulated... braid or lead covered, 
through 28,000 volts. 


for motor manufacturers + power supply to indus- 
trials and utilities - apparatus manufacturers. 


Ask your distributor, or write for folder. National Electric Division, 
H. K. Porter Company, iInc., Porter Building, Pittsburgh 19, Pa. 


il 
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WIRE/CABLE STRIPPING 
MACHINES 


Cut costs 1/3 or more with 

high-speed, machine _ strip- 
ping. SPEEDCRAFT 
fully automatic, brush- 
type, and air-type ma- 
chines are precision-built 
and backed by over 30 
years’ specialized experi- 
ence. Proved-in-use de- 
signs, quality features 
throughout. Complete 
line includes an econo- 
mical machine for every 
stripping need. For 
prompt, accurate reply, 
send 3-foot sample and 
brief details. 


WIRE STRIPPER CO. 


1729 Eastham Avenue, Cleveland 12, Ohio 


NATIONAL ELECTRIC DIVISION 
H. K. PORTER COMPANY, INC. 


Circle 260 on Inquiry Card 


DYKEM 
4 


Popular ckage is 
8-oz. can fitted with 
Bakelite cap holding 

soft-hair brush for ap- 
plying right at bench: 
metal surface ready for 
layout in a few minutes. 

, The dark blue background 
’ makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


Write for sample 
on company letterhead 


THE DYKEM COMPANY 
2303F North 11th St. « St. Lovis 6, Mo. 
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AIR COMPRESSORS 


SPECIALISTS IN ELECTRIC 


MOTORS 


1/100 to 60 HP 


~A 


TOP NAME BRANDS 


Ml Daytlore rw) 46) MAY S13 « 


Also: 4000 Items in Stock 


EXHAUST FANS 
PME MILA 
7 Lae 
BLOWERS 
vi tat 


GENERATOR UNITS 
at) ee BS 


PROMPT DELIVERY. Warehouses 
and sales offices coast-to-coast (see list 
below.) All fully stocked for pick-ups or 
24-hour shipping service. 


SALESMEN at each office available for 
help and guidance. 


WHOLESALE ONLY. Free net price 
catalog sent only when requested on 


letterhead. No consumer requests hon- 
ored. O.E.M. prices for quantity buyers. 


212 PAGE CATALOG and buying 

guide. Includes detailed descriptions 
on over 4000 items. Lots of tech- 
nieal and application data. Request 
your free copy. 


68 GRAINGER WAREHOUSES _ 


WRITE OR PHONE 


ALABAMA 

BIRMINGHAM 4¢ 701-6th Ave. N. 
ARIZONA 

PHOENIX @ 1022 N. 21st Ave. 
ARKANSAS 

LITTLE ROCK e 1805 Scott St. 
CALIFORNIA 

FRESNO 2¢ 101 Van Ness Ave. 

LOS ANGELES 33¢ 1401 E. 3rd St. 

OAKLAND 7 2200 Adeline St. 

SAN DIEGO 10144 W. Market St. 


SAN FRANCISCO 10¢519 Potrero Ave. 


COLORADO 

DENVER 4¢695 Bryant St. 
CONNECTICUT 

WEST HARTFORD e 201 Dexter Ave. 
DISTRICT OF COL. 

WASHINGTON 18¢ 1860 Adams, N.E. 
FLORIDA 

JACKSONVILLE 6¢35 W. 12th St. 

MIAMI 37 ¢ 2727 N.W. 2nd Ave. 

TAMPA 6¢ 1509 Cypress St. 
GEORGIA 

ATLANTA 16¢ 1046 Memorial Dr., S.E, 
ILLINOIS 

CHICAGO 12¢2330 W. Adams St. 


MELROSE PK. 1660 N. Mannheim Rd, 


INDIANA 

INDIANAPOLIS 2¢ 1714 E. Riverside 

SOUTH BEND 18¢ 1133 So. Main St. 
1OWA 

DAVENPORT ¢ 1215 E. River St. 

DES MOINES 14°66 Washington Ave. 
KANSAS 

WICHITA 51201 N. Mosley St. 
KENTUCKY 

LOUISVILLE 3¢ 120 S, 12th St. 
LOUISIANA 

NEW ORLEANS 25 4513 Eve St. 

SHREVEPORT ¢ 2031 Texas Ave, 
MARYLAND 

BALTIMORE 30800 S. Hanover St, 
MASSACHUSETTS 

BOSTON 36¢ 864 Lincoln St. 
MICHIGAN 

DETROIT 3¢1701 E. Mc Nichols Rd. 


GRAND RAPIDS 3¢545 Grandville S.W. 


MINNESOTA 
MINNEAPOLIS 4 1818-4th St. S. 
MISSOURI 
KANSAS CITY 8 1629 Broadway 
ST. LOUIS 6 1601 N. 7th St. 


NEBRASKA 
OMAHA 10¢ 1531 N. 18th St. 
NEW JERSEY 
NEWARK 2¢ 355 Mulberry St. 
NEW YORK 
ALBANY 6¢ 20 Colvin Ave. 
BUFFALO 4¢ 1065 Ash St. 
HICKSVILLE, L. |.¢41 Bloomingdale Rd. 
NEW YORK 13¢533 Canal St. 
ROCHESTER 4¢ 42 Scio St. 
SYRACUSE 6¢ Tarbell Rd. 
NORTH CAROLINA 
CHARLOTTE 3¢ 1216 S, Mint St. 


OHIO 

CINCINNATI 6@ 2400 May St. 

CLEVELAND 142150 Hamilton Ave. 

COLUMBUS 15400 E. Livingston Ave. 

DAYTON 2¢222 Washington St. 

TOLEDO 2¢520 Southard St. 

YOUNGSTOWN 2¢ 16 Pyatt St. 
OKLAHOMA 

OKLAHOMA CITY 2¢316 E. Grand Ave. 

TULSA 1901738 S. Boston Ave. 
OREGON 

PORTLAND 17¢ 2410 N. Mississippi 
PENNSYLVANIA 

ALLENTOWN e@ 723 E. Green St. 

PHILADELPHIA 403215 Spring Garden 

PITTSBURGH 13812 Penn Ave. 
RHODE ISLAND 

PROVIDENCE 5 © 236 Georgia Ave. 
TENNESSEE 

KNOXVILLE 17¢3528 Broadway N.E, 

MEMPHIS 3339 So. Front St. 

NASHVILLE 4¢ 210-17th Ave. N. 
TEXAS 

DALLAS 10¢ 2425 Ferris St. 

EL PASO 1100 E. Missouri St. 

FT. WORTH 301119 W. 5th St. 

HOUSTON 14¢ 1409 St. Emanuel St. 

SAN ANTONIO 2¢606 E. Crockett St. 


UTAH 

SALT LAKE CITY 16¢527 No. 3rd W. 
VIRGINIA 

NORFOLK 8 835 W. 44th St. 

RICHMOND 20¢ 1427 W. Cary St. 
WASHINGTON 

SEATTLE 44¢ 2001 Grand St. 

SPOKANE 1¢ W. 22 Main Ave. 
WEST VIRGINIA 

CHARLESTON e 1037 Central Ave. 
WISCONSIN 

MILWAUKEE 4¢ 136 E, Walker St. 


WW.URAINGERINC. 


Dept. 219-D, GENERAL OFFICES, CHIGAGO 12 


Circle 262 on Inquiry Card 





NEW DOUBLE T 
INDUSTRIAL SOLENOID 


Delivers Greater Pull, 
Faster Cycling, 
Longer Life 


The new 831 series of industrial 
solenoids designed by Controls Com- 
pany, the world’s largest manufac- 
turer of laminated solenoids, will even 
out-perform many solenoids of larger 
size. Check these features: 


Double T plunger provides level 
pull characteristics with no power 
drop-off at 2/3 stroke. 


Epoxy encapsulated coil is imper- 
vious to water, oil, acid or alkalies. 


Hard chrome plated, beryllium 
copper core guides assure in- 
creased life. 


Heavy coat of epoxy paint on frame 
and core provides added protec- 
tion against environmental condi- 
tions. 


Universal mounting bracket per- 
mits mounting in any position. 


Plunger has reinforced linkage de- 
sign providing maximum bearing 
surface. 


To learn how you can have improved 
solenoid performance at lower cost, write 
for Industrial Solenoid Bulletin SL-33 
containing pull curves, specifications and 
performance facts. A 

complete line of com- 

mercial grade solenoids - 

is also available. For in- 

formation, ask for Com- 

mercial Solenoid Bulle- | 

tin SL-23. 


cS CONTROLS COMPANY 
OF AMERICA 
APPLIANCE AND AUTOMOTIVE DIVISION 


9555S SORENG AVENUE 
SCHILLER PARK, ILLINOIS 
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“o° ] ,<@ ° 
100 ma at 30 volts d-c. Speed of opera- 
tion is equivalent to event being meas- 
ured +10 millisec for bounce-time 
measurements. Display is direct read- 
ing. Weighs approximately 48 Jb, 
measures 7 x 10 x 1434 in. Leach Corp., 

18435 Susana Rd., Compton, Calif. 
Circle 585 on Inquiry Card 


MICRO-COMPONENT KIT 


Type “A” component kit enables mini- 
aturization of electronic modules and 
systems under development. Contains 
components to build a complete 10-kc 
flip-flop with set and re-set capabilities 


and occupying 0.179 cu in. Printed- 
wiring board has pre-punched holes for 
component installation. Other kits in- 
clude amplifiers, multivibrators and 
bridge circuits. P. R. Mallory & Co., 
Inc., Indianapolis 6, Ind. 
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TEMPERATURE AND 
MILLIVOLT POTENTIOMETERS 


Temperature potentiometer Models 
8694, 8695 and millivolt potentiometer 
Model 8696 are portable. Temperature 
potentiometers give indications in 
degrees F in 15 temperature ranges. 
Double-range millivolt potentiometer is 
calibrated for emf measurement from 
0 to 22 and 20 to 64 volts. All have 


MP rearens 
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Precision-Made Industrial 


UNIVERSAL JOINTS 


For Applications Up to 1750 RPM. 


Here is a line of high quality uni- 
versal joints for all industrial appli- 
cations. Joints are available in an 
extremely wide range of sizes in 
each of the following general types: 


Booted Joints 
Also Special Joints Engineered to Order 


@ .35 to 190 HP. at 100 RPM. 


@ Standard joints operate at 
speeds up to 1500 rpm. and 
heavy duty to 1750 rpm. 


@ Single joints operate through 
a full working angle of 40° 
and double joints 80° 


@ Made of case-hardened fine 
alloy steels for light weight 
and exceptional durability 


@ Boot provides an effective 
means of proper lubrication 
for heavy load, high speed 
and high heat applications... 
eliminates dust . . . can be re- 
moved and repacked in field 

* 
For detailed information on complete line ask 


for Bulletin D-61 on company letterhead. Also 
request recommendation for your application. 


FIRST 
NAME IN 
UNIVERSAL 
JOINTS 


eee eee ee 


4802 W. Lake Street - Chicago 44, Illinois 
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PRODUCT-DESIGN BRIEFS 
FROM 


For arcs and sparks 


These dielectric laminates come in flat 
sheets or molded to many shapes. They 
are strong enough to play a structural 
role in heavy-duty electrical equipment. 

The ones you see here are made with 
Hetron® polyester resin by Fiber Glass 
Industries, Inc., and are inherently flame 
retardant. Hetron burns only in actual 


contact with an arc or hot flame, and 
quickly extinguishes itself when the heat 
source is removed. Thus, in case of a burn- 
out, damage is usually confined to a small 
area, with minimum effect on mechanical 
strength of the material. 

Generally, Hetron-and-glass laminates 
exhibit very low loss factor over a wide 
range of frequencies. Dielectric constant, 
for a %-inch glass-mat laminate contain- 
ing 35% glass, hovers as low as 4.25. Arc 
resistance of such a laminate is on the 
order of 110 seconds. 

Do these traits suggest a way to achieve 
long life in equipment handling medium 
and high voltages? We'll be glad to dis- 
cuss it further with you. For more in- 
formation on Hetron resins, check the 
coupon and we'll send you our Designer’s 
Data File. 


Phenolics are easy 


Sometimes it takes a stroke of genius to 
arrive at molded phenolic as the best ma- 
terial for a job. 

Most of the time, though, it’s simply a 
matter of knowing what phenolics can do. 

For example, look at this snap-action 
pressure switch. It can control liquid level 
within close limits in an automatic wash- 
ing machine, a dishwasher, a water soften- 
er, or a ventilating system. For the casing 
that covers its sensitive diaphragm, a 
sturdy, inexpensive material was needed— 
a material that wouldn’t corrode, could 
meet U/L requirements for a 20-amp 
operation at 115/230 volts AC, and could 
be mounted below water level. 

It’s hard to think of anything but phe- 
nolic for such an assignment, isn’t it? 

Designers squeezed additional values 
out of the material by providing for 
molded-in through holes, blind holes, and 
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DUREZ 


ACRO DIVISION, ROBERTSHAW-FULTON 
CONTROLS COMPANY 


metal inserts in the piece to eliminate ma- 
chining and quicken assembly. 

We like this story, because it’s typical 
of thousands of applications in which 
phenolic is the obvious answer. To help 
you spot such applications (and some less 
obvious ones, too), we'd like to send you 
Bulletin D400. It tells where to use Durez 
phenolics and other plastics, and lists typi- 
cal properties. Use the coupon to request 
a copy. 


One-dunk insulation 


This phenolic paste is a good, simple, neat 
way to insulate a component. 

It’s good because the coating won’t melt 
or peel when the component is soldered 
intc a circuit—or at any time thereafter. It 
keeps the component up to specs through 
heat and wet, easily passes a series of test 


mailed bimonthly) 


cS noe ae ee 
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For more information on Durez materials mentioned above, check here: 


C) Hetron polyester resin (data file) 

C Phenolic molding compounds (8-page Bulletin D400) 

C] Phenolic resin compounds for dip-coating (data sheet) 

(CJ “Durez Plastics News” (a review of current plastic appiications, 


Check, clip, and mail to us with your name, iiiie, company addeess. 


DUREZ pPLAsTICs DIVISION 


1310 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 


e Fire-safe laminates 
e Plastic for a pressure switch 
© Dip-coating compounds 


cycles from —55 to +85°C, and will 
withstand higher temperatures than that. 

It’s simple because all you do is dip the 
component, let it dry, then bake for a 
short time to cure the resin to a hard, 
dense coating. Usually, one dunking is all 
you need. If not, you can easily add more 
coats with only 3 to 5 minutes’ wait be- 
tween dips. 

It’s neat because paste doesn’t set up 
hard until you want it to. You can make 
up a batch the night before, let it sit all 
night, and start dipping in the morning. 
Consistency is easy to control by adding 
solvent. There are no catalysts to handle. 

You make this paste with Durez phe- 
nolic resin-and-filler compounds supplied 
in powder form. There’s a choice of 
densities and toughnesses. One type of 
compound is impervious to the ketone 
solvent cements sometimes used in as- 
sembling radio and TV sets. 

We're ready to help, too, with advice 
on using the compounds. To get more in- 
formation, checl. the coupon or write us. 
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pl 4"another 
NEW product 


#3 SMCB 
60 Ib-in. Torque; 3Y¢” Dia.; 
Weight — 7.5 Ib. 
Ib-in. Torque; 2%" Dia.; 
Weight — 4 Ib, 


“Packaged” 


Clutch-Brakes 
(Type SMCB) 


3 Pre-Assembled ... 
3 Pre-Aligned... 
More Economical... fence 
# install Faster... Weight — 16 
HM Up To 150 Cycles 

per Minute... 


HH Speeds to 
3600 RPM... 
3% Request New 
Product Preview 
2-61-C For All : 
The Data. Peabetten 


6%" Dia., 
Weight — 36 Ib. 


ELECTRIC CORPORATION 


120 NORTH BROADWAY © MILWAUKEE 2, WISCONSIN 
The Complete Line of Electromagnetic Clutches — Brakes — Ciutch-Brokes 
SIMCE 1917-THE CHOICE OF LEADING MOTOR AND MACHINERY MANUFACTURERS 
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accuracy of +0.3 per cent, pointer 
sensitivity is 0.6 wamp per scale divi- 
sion. Measures 7 x 6 x 5 in., weighs 
41% Ib. Leeds and Northrop Co., 4934 
Stenton Ave., Phila. 44, Pa. 

Circle 587 on Inquiry Card 


A-C VOLTAGE STANDARD 


Model FLH is a portable thermocouple 
transfer standard to measure the in- 
fluence of frequency on the indication 
of percentage-of-reading calibrators 
and other transfer standards. Frequen- 
cy influence accuracy is +0.01 per cent 


from 1.5 to 1125 volts over 20 to 50,000 
cps frequency span. With precision d-c 
potentiometer, +0.013 per cent ac- 
curate abolute a-c voltage measure- 
ments are obtained. Resolution is 0.005 
per cent minimum. Sensitive Research 
Instrument Corp., 310 Main St., New 
Rochelle, N. Y. 


Circle 588 on Inquiry Card 


ADJUSTABLE POWER SUPPLY 
Model $125-25 silicon rectifier delivers 
25 amp and operates from 208, 230 
or 460 volts, 3-phase, 60 cps input. 
Adjustable from 0 to 125 volts and 
regulates to 1.5 per cent and 5 per 


cent rms max ripple. Measures 22 x 15 
x 19 in. and weighs 125 lb. Suited for 
d-c motor drives, solenoids and heavy- 
duty d-c power requirements. Perkin 
Electronics Corp., El Segundo, Calif. 


Circle 589 on Inquiry Card 


REGULATED CURRENT 
SUPPLY 


Power supply Model 254 provides d-c 
for microwave tubes, ferrite control 
magnets, particle-deflection magnets or 
power transistors. Undercurrent trip- 
ping relay included for protection of 
microwave tubes. Supply output is 65- 
105 volts d-c at 1.5-7.5 amp, or 65-110 
volts d-c at 1.5-6.0 amp. Voltage ripple, 
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PIONEER in WINDERS for over 40 YEARS! 


(thousands of applications) 


GLOBE Armature Equipment 

processes all types of armatures!! 

“FAS-WOUND” or Anchored Loops 

e Insulate the slots e Connect to commutator Armature Insulating Machine 
e Install commutator e Hot-stake connections 

e Wind the armature e Wedge the slots 


Individual machines with Automatic Cycles or, Grouped 
into a full Automation System 


FAST—PRECISE—UNIFORM OUTPUT 


ALSO — Winders of all types—for all duties 
e Single or Multiple spindle 
Bench, Pedestal, or Bed types 
e Automatic, Semi-or Manual 


e Six Basic sizes — full range 
: e Turrets and Automations 


' Let US help YOU 
Turret Type Winder on Armatures, Stators & Coils Transformer Winder 


The GLOBE TOOL and ENGINEERING Company | 5" ae Prin 


Dayton 24, Ohio 


Armature Winding Machine 
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National Electric is 


Celebrating ae. ; 
The First 25 Years... OOo fi ie te ; 


Om ay a ED 


SOCAL Wa LEE 


And a planned future 
built on Reliability, Sta- 
bility, Dedicated Serv- 
ice and continued 
pride in every coil 
winding that bears 
the Dano 


svialinmninrk National Electric NEPCOLOK CABL 


Fast, economical installation . . . varnished cambric, rubber, 
silicone rubber or asbestos-varnished-cambric insulation .. . 
with galvanized steel, aluminum or bronze interlocked armor. 


for power supply to commercial and industrial buildings and 
utilities. Indoors or outdoors .. . up to 15,000 volts. 


= . sanianainens a Ask your distributor, or write for folder. National Electric Division, 
H. K. Porter Company, iInc., Porter Building, Pittsburgh 19, Pa. 


THE DANO ELECTRIC COMPANY — Uae NATIONAL ELECTRIC DIVISION 


$3 Main St. Winsted, Conn. H. K. PORTER COMPANY, INC. 
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" ELECTRONIC 


BUTT WELDER 


DELIVERS ACCURATE, REPEATABLE END TO END 
WELDS OF WIRE RANGING FROM .0O8” TO .040” 


Built to handle continuous production line runs, this unit is equally 
at home on any number of special butt weld situations. For example, 
use the 1040 to lengthen leads for circuit convenience; salvage short 
lead components; switch component lead materials; weld different 
materials for circuit design and convenience. Force setting of up to 
10 lbs. and power range of up to 80 watt-seconds allows wide lati- 
tude in materials. Easy to operate. Full compliance raceways assure 
consistent in-line abutment of the workpieces while automatic wire 
length stops facilitate rapid loading and positioning of parts. 
Immediate delivery. Ask your local Weldmatic representative for 
details, or write to us for Bulletin 1040 at 950 Royal Oaks Drive, 
Monrovia, California. 


w61-5S 


WELDMAaTiC DIVISION / UNITEK 
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0.5 per cent peak-to-peak; current reg- 
ulation, +1 per cent of line or load. 
Alfred Electronics, 897 Commercial St., 
Palo Alto, Calif. 


Circle 590 on Inquiry Card 


FREQUENCY CONVERTER 


Model 420 solid-state converter provides 
+1 count accuracy in frequency meas- 
urement over range from 0 to 220 mc. 
Stability is 5 parts in 100 million per 


week. Input sensitivity is 2 mv, input 
impedance 50 ohms. Output-signal am- 
plitude always greater than 1 volt for 
input frequency within rated range. 
Transistor Specialties Inc., Terminal 
Drive, Plainview, L. I., N. Y. 

Circle 591 on Inquiry Card 


SYNCHRO AND RESOLVER 
TESTER 

Automatic Model CO5-3802-004 tester 
is intended to meet electrical require- 
ments of MIL-S-20708A. Tests 60- and 
400-cps components, from MIL Size 08 
through 37, for: no-load quadrature 
current, no-load reference current, fun- 
damental null voltage, and total null 
voltage (all to +3 per cent). Also tests 
transformation ratio to +0.2 per cent, 


‘a } 
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HAVE YOU TRIED | SASSER 
THIS INSULATION? 


West Virginia's Pressite is the heavy-duty pressboard 
insulation that makes every transformer and capacitor 
more efficient. 


Pressite is made of 100% virgin kraft pulp from our 
own mill. Our complete product control from forest to 
mill assures consistent uniformity and absolute purity, 
with no metallic particles. 


MRL Lo 


Bvysddiaean ap. 


TD 


For Punchings.. . Electrite or Densite. |f your proj- 
ect requires a hard board sized to resist moisture, 
specify Electrite. Even harder is Densite, sized for 
moisture or unsized for applications in oil. 


See How Our Pressboard Can Help You: 

For complete technical data on all three grades, plus 
Underwriters’ Laboratories Report #E3987, write Board 
Products Sales, West Virginia Pulp and Paper Com- 
pany, Covington, Virginia. 
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NS 
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West Virginia 
Pulp and Paper 
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Nom. |Amp/ 
DC-V |Ohms | Watts} Turns 


Coto-Cols Write olalel aa 


COTO-COIL CO., INC., 63 Pavilion Avenue, Providence 5, R. 1. 
Circle 272 on Inquiry Card 


WIRES MARKED)|| ave you using the 
PERMANENTLY. ..||| PRODUCT INDEX 


METAL IDENTIFICATION TAGS OF 2... 2 9 

EVERY DESCRIPTION FOR MARKING CABLES, for this issue: 

LEADS, AND GROUPING WIRES... ; 

TERMINAL TAGS are rapidly replacing obsolete string and paper identi- See page 274. This monthly reference fea- 

fication methods—they ma the end o aaa al lat ee ae ture answers a continuing need, expressed by 

TERMINAL TAGS are easy to apply, and are used in manufacture many readers, for a quick method of extract- 

of aircraft, radios, telep ae ree =, etc., — be ing information relating to any material, 

stamped or embossed with special marking to customer specifications. component or equipment discussed in either 
FREE SAMPLES AND LITERATURE UPON REQUEST the editorial or advertising pages. Get ac- 


NATIONAL BAND & TAG co quainted with this reference tool. It can save 


time in your data searching. 
P.O. Box 9-254, NEWPORT, KY. PHONE COlonia! 1-2035 
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MYSTIK 


PROVEN 
silicone 
tape 
meets 
hi-low 
temperature 
demands 
of 
space 
age 


sy 
= 
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_ MYSTIK BRAN 


7000-G GLASS CLOTH TAPE 


From the staggering cold of extreme altitudes to the blister- 


ing heat of jet and rocket propulsion, Mystik 7000-G per- 
forms where other tapes wilt like uprooted plants. 7000-G 
has proven successful in a wide range of missile, aircraft and 
electronic applications where its temperature range of 
—110°F. to +550°F. insures dependability. (For example, 
the coil shown above is used in an electromagnetic compass.) 
The Fiberglas® backing of 7000-G gives it a particularly high 
tensile strength. 

The Mystik Brand line includes a double-faced glass cloth 
tape known as 7100-G for use where blind fastening is 
required. Also included is a full selection of high-tempera- 
ture tapes, electrical insulating tapes, films and foils. Write 
for details today. 


MYSTIK ADHESIVE PRODUCTS, INC. 
2635 N. KILDARE AVENUE + CHICAGO 39 
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error from electrical zero to +30 sec, 
and phase shift to within +1 deg. 
Kearfott Div., General Precision, Inc., 
1150 McBride Ave., Little Falls, N. J. 

Circle 592 on Inquiry Card 


FREQUENCY COUNTER 


Model 740 counter includes a preset 
translator which converts pulses-per- 
unit-time into physical-units-per-unit- 
time (lb/hr, ft/sec, rpm, etc.). Fre- 
quency range: 0-220,000 pps, 1-220,000 
eps. Accuracy: +0.001 per cent +1 
count. Input sensitivity: 200 mv rms 


for 1 cps to 200 ke. Normal time base: 
0.1, 1.0 and 10 millisec; 0.1, 1.0 and 
10 sec. Preset time base: 0.1 millisec 
to 1 sec in 0.]-millisec increments; 1 
millisec to 10 sec in 1-millisec incre- 
ments. Erie-Pacific Div., Erie Resistor 
Corp., 12932 So. Weber Way, Haw- 
thorne, Calif. 

Circle 593 on Inquiry Card 


LABORATORY SOLENOID 
MAGNET 


Model 6533 solenoid magnet is a special 
research magnet designed to provide 
homogeneous field when all coils are 
connected in series. Allows for pos- 


sibility of tapered field, as eight coils 
can be operated individually. Electron- 
ics Div., J. C. Carter Co., 671 W. 17 
St., Costa Mesa, Calif. 


Circle 594 on Inquiry Card 


TRANSISTOR TEST SET 


Model 1824 transistor tester measures 
the product of extrinsic base resistance, 
r,', and collector capacitance, C,, of 
mesa, surface-barrier and drift tran- 
sistors. Product of parameters is read 
directly on panel meter. Instrument 
range, 0-30, 0-100 and 0-300 picosec 
with 5 per cent accuracy. Calibrating 
standard built in. Bias supplies for 
emitter current and collector voltage 


ELECTRO-TECHNOLOGY 





“Dividohm” 
_ Adjustable Resistors 


tit 


IIGHLIGHTS OF MIL-R-19365C.—This revised specification 

covers power-type, wire-wound, adjustable resistors from 1 to 
15,000 ohms inclusive. Resistance tolerance is specified as + 5% 
for all eight power ratings which are listed at right. The maxi- 
mum continuous operating temperature is 350°C (Char. V). 

MIL-R-19365C resistors are the tubular type with single- 
layer windings and lug-type terminals—two fixed and one 
adjustable. 

Ohmite can supply all eight adjustable resistors to meet every 
requirement of MIL-R-19365C. Higher resistances using smaller 
wire sizes are available, also, to meet the performance require- 
ments of this new MIL specification. 

Write for Military Catalog 50B—the ‘‘Easy Way” to Order 
MIL Resistors. 


OHMITE MANUFACTURING COMPANY OHMITE 
3613 Howard Street, Skokie, Illinois \ 


[ 


STANDARD MIL-R-19365C ADJUSTABLE RESISTORS 
I eae : T 
i ily ‘ ‘ 

RX29 


RX32 


Offering you complete availability of these MIL 
resistors so quickly is another indication of 
Ohmite’s ability and desire to give industry the 
finest, most advanced resistance products with the 
best of service. 
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HERMETICALLY 
SEALED 


4-40 THREADS *4-40 %5/16 FILLISTER HEAD CAPTIVE 


Ask for new Comor 
catolog illustrating 
mony stondard 
basic designs 


| “SCREW WITH SPLIT LOCKWASHER (2 REQD.) 


For complete specifications, operating con- 
ditions, coil data, etc., write for bulletins 
“SS” and “SR” today. 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


SWITCHES + HERMETI 
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not included. Test socket wired for 
grounded-base biasing. Dynatran Elec- 
tronics Corp., 178 Herricks Road, 
Mineola, N. Y. 


Circle 595 on Inquiry Card 


VOLTAGE CALIBRATOR 

Model SV-194 calibrator provides out- 
puts of 0.05, 0.1, 0.5, 1.0, 5.0, 10, 50, 
100, 500 and 1000 volts for checking 
d-c voltmeters. Long-term accuracy, 
0.01 per cent at ambients from 22-28 


C. Calibration data accurate to better 
than +0.005 per cent at 25 C at time 
of measurement. Electro Scientific In- 
dustries Inc., 7524 SW Macadam Ave., 
Portland 19, Oregon. 


Circle 596 on Inquiry Card 


6CW4 TEST SOCKET 


Test-socket adaptor for Nuvistor triode 
6CW4 permits checking tube in a 


No. 1960 


NUVISTOR 


TEST oon" ADap, 
%, 


FOR TES1;, 


NUVISTOR ODE 
hus adapter to be used with al! 
Seonderd Emission type Tube Testers 


WALSCO ELECTRONICS MFG. CO. ey. ‘OF ecrexvaes 
LOS ANGELES, CAL. . "ROCKFORD. Hi 


standard electron-tube tester set up for 
6BQ6 or 6CU6. Walsco Electronics Mfg. 
Co., 100 W. Green St., Rockford, Ill. 


Circle 597 on Inquiry Card 


AC-DC CONVERTER AND 
VOLTMETER 


Model HVC-30  converter-voltmeter 
offers 25-yvolt resolution on the lowest 
scale with only 0.5 per cent ripple down 
to 5 cps. Vacuum-tube-voltmeter read- 
ings are from 10 mv to 300 volts a-c 
full scale, with 1 per cent accuracy. In- 
put impedance, 10 megohms. Calibra- 
tion voltages provided on front panel to 
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National Electric is 
CMR Lt NY 
aC la LD 


PRODUCTION 
WIRE STRIPPERS 


Meet More Needs — 


National Electric PLASTIC INSULATED | 
..» POLYETHYLENE INSULATED... 
PLASTIC JACKETED CONTROLCABLES | 
for municipalities and industrials 


Ask your distributor, or write for folder. National Electric Division, 
H. K. Porter Company, Inc., Porter Building, Pittsburgh 19, Pa. 


NATIONAL ELECTRIC DIVISION 
H. K. PORTER COMPANY, INC. 


Circle 276 on Inquiry Card 


New s:. Knobs 


PUEDE UD 


Solve More Problems 


IDEAL Production Strippers are generally 
known as “the fastest on the market.”” What- 
ever your needs, even if you don’t consider 
them problems, an IDEAL Stripper will give 
you better work, faster and cheaper! Below 
is solid evidence — a condensed list of wire 
stripping needs that IDEAL Strippers are 
called upon to fill every day: 


R, RF, CF, AF, Radio Hook-Up, Lead-In 
Wires, etc., up to 7/16” in diameter .. . 
Any cotton, silk, synthetic (plastic) insula- 
tion or rubber coverings from fine stranded 
or solid conductors up to 7/16” in diameter 
. . . Plus most types of Film Insulated Wire 
(AWG #50 to AWG #0) as close as 
1" from the body of the winding or coil 
form. 


Shown are just two widely used models. Six 
other models and types are also available for 
any degree of specialized stripping you need. 
We'll be glad to “prescribe” — see below. 


oR eae Se elem ee 8 eae ee Bae ee 


Meet 


MIL-P-14 "2 yr. 
~ Specs _— 


Quicker, cleaner stripping of 

all types of film insulation. 

5 : Wire size AWG #50 to #25. 

For gf em production | REPLACEMENT WHEELS: 
stripping of most types of | IDEAL offers top quality at 


Standard 
Sizes 


single conductors, solid or 
stranded wire up to a maxi- 
mum of 3/8” outside diameter. 


less cost per pair than the 
average of other good quality 
wheels. 


MODEL 

RB-1250-SK 
ilustrated FREE CONSULTING SERVICE 

— SEND US SAMPLES OF YOUR WIRE 
We'll put your wire samples through our Test Laboratory and 
return them to you with a written report, showing you our 
findings as to the best type and model IDEAL Stripper to meet 
your needs most exactly. Send us your samples now. 


Molded of thermosetting phenolic or urea materials. 
Available in 4 standard sizes with nickel plated brass 
inserts for %” or %” diameter shafts. Aluminum deco- 
rative inserts or skirts, etched and filled as desired... 
various anodized finishes, plain or radially spun. Write 
for new catalog illustrating Rogan’s complete line of 
stock molded knobs. 


ROGAN BROTHERS, Inc. 
8027 N. MONTICELLO e SKOKIE, ILL. 
Specializing In Stock Molded Knobs Since 1939 


Sold through America’s Leading Distributors 
in Canada: Irving Smith, Ltd. Montreal 
IDEAL INDUSTRIES, Inc. 
10085 Park Avenue, Sycamore, Illinois 
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Straits 
Tin 
Report 


100% tinplating of silicon 
diodes meets rigid military spec- 
ifications for resistance to corro- 
sive salt spray and provides 
optimum solderability of these 
hermetically sealed units, accord- 


Photo courtesy International Rectifier 


ing to one manufacturer. In 
addition, tinplating protects 
against adverse environmental 
conditions, including corrosion 
resulting from _ excessive 
humidity. 


Another capacitor maker recom- 
mends consideration of hot-dip 
tinning, plus centrifugal spinning. 
This method provides a fine 
solderability base and increased 
corrosion resistance. It also af- 
fords longer shelf life in storage. 


Solder clad miniature base 
tab stampings can speed tran- 
sistor production. Each replaces 
two components used to make 
ohmic junctions to germanium 
or silicon transistor triodes. They 
consist of a layer of high purity 
solder alloys metallurgically 
bonded to a base tab conductor 
such as Kovar, nickel or nickel- 
iron. Solder and base ratio is 6:1. 


Free Bulletin 


Write today for a 
free subscription 
to TIN NEWS—a 
monthly bulletin 
on tin supply, 
prices and new 
uses. 


The Malayan Tin Bureau 
Dept. T-65K, 2000 K Street, N.W., Washington 6, D.C. 
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compensate for output loading or long- 
term amplifier drift. Output levels pro- 
vide: 1 volt at 3500 ohms, 0.1 at 350 
and 0.01 volt at 35 ohms. Houston In- 
strument Corp., Box 22234, Houston 
27, Texas. 

Circle 598 on Inquiry Card 


BI-DIRECTIONAL MAGNETIC 
RECORDER 


Tape recorder, Model 2157, records and 
reproduces 4 hr on 7-in. reel or 8 hr 
on 101%-in. reel. Tape speed is 334 ips, 


re —26 
920,980 


Pou 
le oe. 


frequency response 80 to 7500 cps, +3 
db. Power input is 115 volts, 60 cps. 
Signal-to-noise ratio is 56 db below 2 
percent distortion level. Output line 
impedance is 600 ohms, balanced. Telec- 
tro Industries Corp., 35-16 37 St., Long 
Island City 1, N. Y. 


Circle 599 on Inquiry Card 


HIGH-CURRENT POWER 
SUPPLY 


Century series of regulated power sup- 
plies consists of eight units ranging in 
output capacity from 0-15 volts d-c at 


80 amp to 0-160 volts d-c at 16 amp. 
Line and load regulation better than 
0.03 per cent. Ripple, less than 1 mv 
rms. Constant-current mode of opera- 
tion furnishes current regulation of 0.1 
per cent. All units in series have auto- 
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RCA 200° 
SILICON POWER 
TRANSISTORS 


“STOP” 


CALL YOUR 


RCA SEMICONDUCTOR 
DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 
Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 
y Fast delivery from local stock 
y Prompt delivery of the latest RCA 
types for your evaluation 
- Orders filled from factory-fresh 
stock 
y Up-to-date, practical product infor- 
mation 
y Valuable RCA technical assistance 
when you need it 
y “One-stop” service on your orders 
y» Specialists who understand your 
problems and your electronic needs. 
Remember, when you want fast delivery, 
reliable service, always check first with 
your local RCA Semiconductor Distrib- 
utor. For the name and address of your 
nearest RCA Semiconductor Distribu- 
tor, write RCA, Distributor Products 
Sales, Harrison, N. J. 
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RCA/SILICON...BASIC TO PREMIUM DESIGNS 


TRANSISTOR DISSIPATION-W 


MAXIMUM 


s 


2N2015 
2N2016 


2N1487 
2N1488 
2N1489 
2N1490 
2N1511 
2N1512 
2N1513 
2N1514 
2N1702 
2N1703 


2N1768 
2N1769 


2N1483 
2N1484 
2N1485 
2N1486 
2N1701 


2N1479 
2N1480 
2N1481 
2N1482 
2N1700 


NOW... 
FROM RCA 





Now Beta-Control Up To 10 Amperes... Extremely Low Saturation Resistance... 
Power To 150 Watts At Prices Starting As Low As Comparable Germanium Power Types 


Check out the outstanding features of these 24 RCA N-P-N 
diffused-junction silicon power transistors, immediately 
available at low prices to meet your industrial and military 
applications requirements: 


@ Maximum operating temperature—up to 200°C. 
@ Maximum dissipation capability—up to 150 watts 
@ Very low thermal resistance —as low as 1.17°C/watt max. 
@ Very low saturation resistance—as low as 0.25-ohm max. 


@ High minimum beta 


@ Narrow Beta Spread 
AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 


Call your RCA Field Representative today for complete sales 
and price information. For further technical information, write 
for RCA Technical Bulletins on these types. For detailed appli- 
cation information on the design of military and industrial 
equipment using RCA Silicon Power Transistors, send for 
new 28-page Application Guide on 

RCA Silicon Power Transistors— 

(Price: 50 cents per copy). Write to 

RCA Semiconductor and Materials 

Division, Commercial Engineering, 

Section J-54-NN, Somerville, N. J. 


RCA FIELD OFFICES . . . EAST: Nework, N. J., 744 Broad St., HU 5-3900 + (Camden, N. J. 
crea), Eriton, N. J., 605 Marlton Pike, HA 8-4802 + Syracuse, N. Y., 731 James St., 
Room 402, GR 4-5591 + Baltimore, Md., EN 9-1850 + NORTHEAST: Needham Heights 94, 
Mass., 64 “'A’’ St., HI 4-7200 + SOUTHEAST: Orlando, Fic., 1520 Edgewoter Drive, 
Suite #1, GA 4-4768 + EAST CENTRAL: Detroit 2, Mich., 714 New Center Bidg., 
TR 5-5600 + CENTRAL: Chicago, Ili., Suite 1154, Merchandise Mart Plaza, WH 4-2900 « 
Minneapolis, Minn., 5805 Excelsior Bivd., WE 9-0676 + WEST: Los Angeles 54, Calif., 
Box 54074, RA 3-8361 + (San Francisco area), Burlingame, Calif., 1838 El Camino Real, 
OX 7-1620 + SOUTHWEST: Dollos 7, Texas, 7905 Carpenter Freeway, Fl 7-8167 » GOV'T: 
Dayton, Ohio, 224 N. Wilkinson St., BA 6-2366 + Washington, D. C., 1725 ‘*K"’ St., 
N.W., FE 7-8500 





Fc 


ee eee eee 


od 


a eee 


4 





plugging-in EAGLE'S 


NEW CYCL-FLEX COUNTER 


\ 


MODEL HZ150 CYCL-FLEX FOR 


cour CONTROL 


Yes, Eagle’s New Cycl-Flex Plug-In Counter is as easy to adapt 
and change as its companion Cycl-Flex Timer. In fact, in mount- 
ing and in over-all appearance, they're exactly the same. 

The New Cycl-Flex Counter does more than just count. A 
large variety of control circuits are yours by utilizing its one in- 
stantaneous switch and two delayed switches to control your ma- 
chines or processes. Use this count control to automatically operate: 


e The number of molding machine injection strokes 

e Number of indexes on a rotary table 

¢ Number of produced pieces before shutting off machine or conveyor 
SPECIFICATIONS e¢ Count Range—80 counts « Electric Reset in 


Ys second * 400 counts per minute ¢ 3-inch diameter quick setting 
dial with single knob »* Switch rating—10 amps. 115 v., 60 cycle 
LTRARAIL 


Beery 


a Reset Precision Interval cutipte Circuit Heavy-Duty Step Multiple Cam Hermetically 
imers Timers imers Switches Timers Sealed Timers 


EAGLE SIGNAL COMPANY »* Moline, Illinois 


A DIVISION OF THE GAMEWELL COMPANY, AN E. W. BLISS COMPANY SUBSIDIARY 
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matic short-circuit protection and may 
be remotely programmed. Automatic 
overvoltage protection is available. Try- 
gon Electronics, Inc., 111 Pleasant Ave., 
Roosevelt, N. Y. 
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DIGITAL OHMMETER 


Precision ohmmeter 784, with print-out 
connection, measures at an average rate 
of 1 reading/sec with an accuracy of 


al 


+0.05 per cent of the reading plus 1 
digit. Range changing done automati- 
cally from 0.1 ohm to 10 megohms 
(five ranges). Decimal-point location 
also automatic. Has 19-in. panel width, 
514-in. height, 1514-in. depth. Non- 
Linear Systems, Inc., Del Mar, Calif. 
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RESISTANCE DECADE 

Five-dial decade resistance box has 
ranges from 0.0 to 9999.9 to 999,990 
ohms in steps from 0.1 to 10.0 ohms. 
Temperature coefficient less than 0.002 


per cent per deg C. Current rating 
ranges from 10 ma to 0.5 amp. Weight 
of unit is 1 lb. Voltron Products, Inc., 
1020 So. Arroyo Parkway, Pasadena, 
Calif. 
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BULK TAPE ERASER 


Magnetic eraser HD-11M may be used 
on tapes up to %-in. wide on reels 
from 5 to 101% in. in diameter. Spindle 
is removable for use with reels of other 
sizes. Power required is 117 volts a-c 
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PRECISION WORKMANSHIP 
INCREASES HEATER LIFE! 


f with present 
, contact GF now! Re- 
Ommendations and preliminary 
engineering service without 
obligation. 
* g 


Genera: eae. 


Eas T GREeeEenNwWitcCH e* RuwWOoO#ee 
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Eliminate high-cost specials’ by standardizing 
on AMERICAN STOCK GEARS 


Investigate and you'll probably find that instead of 
having to go to the added time and expense of ordering 
special gears, that your needs can be filled from the 
American line. 

American is a complete stock gear line. It includes 
brass, bronze, steel, semi-steel, cast iron, and non-metallic 
gears in a range of 48 to 3 diametral pitch. Available from 
your nearby distributor of American Stock Gears. 

Ask for FREE copy of American Stock Gear Catalog No. 360 
containing detailed information and engineering data. 


AMERICAN STOCK GEAR division 


Perfection Gear Co., Harvey, Illinois 
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NO OTHER REFERENCE CONTAINS SO MUCH DATA 
ON PERMANENT MAGNETS! The 346 pages of this 
Crucible Permanent Magnet Handbook offer the assist- 
ance you need to design permanent magnets into hi-fi 
and TV systems, generators, motors, meters, compasses, 
magnetic tools and hundreds of other instruments and 
components. 

Entire chapters discuss the subjects of permanent 
magnet design, measurements, ferromagnetism, electro- 
magnetism, magnetization, and the analyses of 60 
different magnet materials. For your copy of this Per- 
manent Magnet Handbook, send check or money order 
for $10* to Crucible Steel Company of America, Four 
Gateway Center, P. O. Box 88, Pittsburgh 30, Pa. 


*Add 40¢ for state sales tax if you are located in Pennsylvania. 


CRUCIBLE | STEEL COMPANY OF AMERICA 
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a4, WATT 


1 WATT 


W/L on target ! 


New METOHM line 


exceeds MIL-R-10509D 


As a supplement to the unexcelled VITROHM resistors, Ward Leonard now offers 
to designers of commercial, military and industrial electronic equipment a line of 
melded metal film precision resistors, designed and tested to exceed the require- 
ments of MIL-R-10509D, characteristics B, C and E. You can stake your reputa- 
tion on Ward Leonard resistors. 

Available in %, % and % watt sizes, W/L METOHM precision resistors feature 
the highest degree of built-in reliability and operating stability. Temperature 
coefficients, over the range —55°C to +175°C, may be as low as +25 parts per 
million. Standard tolerance +1%. Tolerances down to +0.1% on special order. 


METOHM OHMIC VALUES MAX. VOLTAGE 
TyPE RATING 


WL 60 250 V. 


WL 65 300 V. 
WL 70 350 V. 


Write for complete specifications and a list of distributors. Ward Leonard Elec- 
tric Co., 34 South Street, Mount Vernon, New York. 


0.10 


RESULT-ENGINEERED CONTROLS 


WARD LEONARD 
| ELECTRIC CO.ec= 


es RESISTORS ¢ RHEOSTATS ¢ RELAYS e CONTROLS + DIMMERS 
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at 5 amp. Size is 7 x 314 x 334 in. 
high. Microtran Co., Inc., 145 E. Mine- 
ola Ave., Valley Stream, N. Y. 

Circle 603 on Inquiry Card 


VOLTAGE-REFERENCE SUPPLY 
Solid-state voltage reference Model 
PVR-6 has a guaranteed stability of 
2 ppm over three months or 3 ppm 


over a year. Calibration accuracy, 
0.0015 per cent. Stability may be equal 
to or better than stability of tempera- 
ture-controlled saturated cell. Calibra- 
tion Standards Corp., 1025 Westminster 
Ave., Alhambra, Calif. 
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MULTI-CHANNEL DISPLAY 
SYSTEM 

Model 5934 calibrated system displays 
eight input signals simultaneously on 
an electronically generated coordinate 


system. Provides accuracy of 0.2 per 
cent, full-scale deflection is +100 volts. 
Display periods range from 25 millisec 
to 50 sec. Suitable for high- and low- 
speed computer operation. Philbrick Re- 
searches, Inc., 127 Clarendon St., Boston 
16, Mass. 
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Postcard return cards are pro- 
vided at end of book as a con- 
venience to the reader in ob- 
taining further information on— 


e New Components and Ma- 
terials 


e Literature for the Design 
Engineer 


e Feature Article Reprints 
e Advertised Products 
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National Electric NEPCO-SIL CABLE 


High heat resistance . . . silicone rubber insulated . . . covered 
with fiber glass or asbestos braid or silicone sheath. 


for fixture or lead wires, power or building type cables for... 
motor manufacturers «+ transformer manufacturers « fixture 
manufacturers * commercial and industrial buildings + appa- 
ratus manufacturers « steel mills. 


Ask your distributor, or write for folder. National Electric Division, 
H. K. Porter Company, Inc., Porter Building, Pittsburgh 19, Pa. 


NATIONAL ELECTRIC DIVISION 
H. K. PORTER COMPANY, INC. | 
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Need help 


ona 
Casting Resins 


Problem? 


e Are you having trouble evaluating epoxy resins 
or silicone encapsulants for some critical element 
in the advanced engineering of devices, equip- 
ments or systems required to operate under rigor- 
ous and extreme conditions? The help you need 
could be at your fingertips in the new ELEcTRo- 
TECHNOLOGY design compendium, Casting Resins 
and Application Techniques. 





e This 44-page design manual brings together, 
in one convenient package, seven of the most in- 
formative technical articles on the subject which 
have appeared in the pages of this magazine over 
the past several years. It includes also a valuable 
bibliography on the overall subject of electrical 
insulation and dielectrics. 


Order your copy now, by using 
the handy form on page 171. 


Price $1.00 per copy, postpaid 
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.. HIGH VOLTAGE TESTING 
of CABLES, MOTORS, GENERATORS 
and All Electrical Equipment 


Mobile — 
D-C HYPOT 


Measures 


Dielectric Strength 
Insulation Resistance 


Dielectric Absorption 


Rugged . . Mobile . . for Production, 
Installation and Maintenance Testing 


Output . . 120 kv models provide up to 5000 microamperes 
d-c. 75 and 45 kv models offer up to 10 ma, d-c. 


115v A-C Line . . Input through three-conductor power cord 
with standard two prong plug and grounding clip. 


Self-Contained, Fully Portable . . Single mobile housing with 
rubber tired wheels and push handle contains metering cir- 
cuitry and high voltage supply (oil immersed above 45 kv). 


Safe, Simple Operation . . Direct reading of insulation leak- 
age current. Fully interlocked, cabinet grounded, output cable 
shielded . . to protect operator and equipment. 


for Every Application ..a HYPOT” Test Set 


Heavy Duty HYPOTS® Portable HYPOTS® 
A-C or D-C, to 150 kv. A-C to 10 kv, 230 ve 
D-C to 5 kv, 2 ma 


HYPOT® Insulation 
Materials Tester 
Models offer up to 60 kv at 2 kv 
. with test fixtures, automatic 
rate of rise and other controls to 
meet ASTM, MIL and Federal test 
specifications. 


Mobile HYPOTS® 
A-C to 30 kv, 10 kva 
D-C to 120 kv, 10 ma 


Bench Type HYPOTS® 
A-C to 35 kv, 2 kva 
D-C to 45 kv, 25 ma 


Write for Manual J-67 


“Methods for Insulation Testing 
. » Engineering . . Production 
- » Maintenance 


4-35.6 


ASSOCIATED eT Tat 
eee a OR CHO OtATL, , 


3794 W. Belmont Ave., Chicago 18, Illinois 


struments Since 1936" 
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A FULL LINE OF ESSEX “STANDARD” | 
APPLIANCE WIRE and CABLE | 


engineered to your 
“special” applications 


9 
= 
—— 


€evering complete appliance wire and cable line. 


eed a 


$% 


Nos 


(A) THERMOPLASTIC Plastics used for this 
group cover 80°C, 90°C and 105°C tem- 
perature ratings. U.L. approval on all items. 
C.S.A. on 90°C and 105°C except on sizes 
No. 1 AWG and larger. 


(B) RUBBER AND BRAID Essex P-300® 
is a 75°C rubber insulated, cotton braided, 
lacquered wire, both U.L. ond C.S.A. approved, 
most commonly used with the usval baking 
cycles for motors, coils, transformers. 


(C) NEOPRENE Essex N-900'is a 90°C ned- 
prene insulated lead wire available with color 
coated sirface for easier identification. U.L. 
oppro-ed. 


(D) SILICONE Essex Sil-X® has a silicone 

rubber insulation, a glass braid, and lacquer 

finish. U.L. approved for both 150°C and 

200°C ratings, dependent on application and 

conductor stranding. Available with C.S.A. 
/ approval on special order. 


LEAD WIRE 


A REFRIGERATION AIR CONDITION- 
ING APPLIANCE WIRING MATERIAL 


' (A) THERMOPLASTIC Oil and flame resist- 
ant; has high dielectric and mechanical strength; 
strips easily; colors are bright and permanent. 
Produced in several temperature ratings. U.L. 
end C.S.A. approved and is available with 
moisture resistant approval. 


(B) NEOPRENE Provides high resistance to 
oil, grease and olkalies. Particularly suitable 
for industrial uses. 


(C) RUBBER The 60°C and 75°C rubber 

insulation applied over tinned copper conduc- 

tor is excellent and economical for internal 

wiring where no extra protection against oil 
| and higher temperature is necessary. U.L. and 
| C.S.A. approved. 


1 
+ (A) RUBBER Types S, SJ and SV portable 
and supply cords. Smooth flexible, tough and 


abrasive resistant, ‘vill provide years of trouble 
free operation. 


FLEXIBLE CORDS 


(B) NEOPRENE Neoprene cords are iden- 
| tified by U.L. as types SO and SJO. Provide 
| high resistance to oil, grease and alkalies. It is 

particularly suitable for industrial uses. 


(C) THERMOPLASTIC ST, SJT and SVT 

thermoplastic insulated and iacketed cords are 

not affected by oils and greases and are highly 

resistant to alcohols, acids and most chemical 
_ solvents. 


$% POWER SUPPLY CORDS 


| A porallel 60°C, U.L. and C.S.A. approved 
polyvinyl insulated power supply cord that cor 
be produced in numerous attractive colors to 
blend with todays’ appliance color schemes. 
The center or ground conductor is a separately 
insulated wire with 4," insulation thickness. 
U.L. and C.S.A. approved. 


$% HERMETIC LEAD WIRE 


Now available with Dacron-Mylar-Dacron in- 
sulation for higher dielectric strength, smaller 
diameter with less bulk, easier stripping. 


ement by UL style no. reference. 


SSEX 


Wire Corporation 


INDUSTRIAL-APPLIANCE WIRE PRODUCTS 


Sycamore 


titeerers— 
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Components, parts and materials described in this issue's 
editorial and advertising pages. 


Key: page number only indicates advertisement; letter 


ce 


e” with page number 


COMPONENTS, 
ELECTRICAL/ ELECTRONIC 


Brakes—238e, 260 


Capacitors—46, 64, 183e, 188, 
189, 19Ge, 204e, 218e, 234, 240 


Choppers—182e, 186e, 208e 
Clutches—238e, 260 
Contact devices—183e 
Commutators—234e 
Slip rings—28 
Control systems—186e, 211, 220e, 
242e 
Cooling equipment—196e, 
246e 
Counters—244e, 270 
Electron tubes 
Glow lamps—153 
Fans and blowers—180e, 218e 
Filters—220e 
Heating elements—187e, 271 
Lights, indicator—180e, 184e, 
186e, 187e 
Magnetic amplifiers—218, 255 
Magnetic components 
Coils and windings—261, 263 
Cores—48, 55, 158 
Laminations—243, 251 
Permanent magnets—48, 210e, 
271 
Shielding—42 
Micromodule components—157, 
180, 184e, 230e 
Microwave devices—Inside front 
cover, 82e, 180e, 182e, 192e, 
228e, 232e 
Oscillators—198e 
Potentiometers—34, 156, 185, 
232e 
Protective devices 
Circuit breakers—174, 182e, 
196e 
T bermal—246 
Readouts—2 33 
Relays 
General purpose—164, 173, 
266 
Industrial—56, 149, 160, 218, 
224 
Mercury—155, 178 
Miniature—9, 217, 237e 
Special—237e 
Telepbone—228, 242e 
Time delay—141, 192, 198, 
218, 281 
Resistors—18, 140e, 200e, 208e, 
228e, 230e, 252, 256, 265, 272 
Seals and terminals, hermetic—38, 
240e 
Semiconductor devices—156 
Controlled rectifier—40, 163, 
247 
Rectifiers and diodes—82e, 
180e, 187e, 19Ge, 198e, 215, 
244 
Transistors—49, 82e, 137, 159, 
182e, 186e, 197, 269 
Varistors—151 
Servo components—180e, 183e, 
186e, 189e, 190e, 204, 206e, 
240e 
Solenoids—117e, 186e, 258, 264e 


224e, 


indicates editorial 


mention 


Switches 
Controllers and contactors—22, 
27, 50, 160 
Limit—147 
Mercury—218 
Pneumatic—220e 
Pushbutton—160, 180e, 249 
Rotary—2, 16, 206e 
Snap action—141, 201, 232e, 
247 
Slide—254 
Speed-sensitive—214e 
Stepping—42 
Toggle—249 
Timers—204e, 281 
Transducers 
Thermostats—Back cover, 220e 
Thermocouples—224e, 230e 
Transformers—62, 150, 180e, 
182e, 183e, 214e 
Wire and cable 
Coaxial—208 
Hookup—196e, 208, 229, 274 
Magnet—21, 58, 237, 245 
Power—182, 233, 257, 261, 
273, 274, 277 
Resistance—242e 
Wiring devices 
Buses—54 
Cable clamps and clips—184e, 
206e, 222e 
Connectors—Inside front cover, 
Inside back cover, 191, 223, 
186e 
Cord grips—30 
Fuseholders—177 
Grommets—203e 
Plugs and jacks—2}32 
Terminals—216e 
Terminal blocks—10 


COMPONENTS, 
MECHANICAL / STRUCTURAL 


Bearings—180e, 186e, 19Ge, 208e 
Couplings—184e, 258 
Fasteners—198 
Bolts and nuts—203e 
QOuick-operating—187e 
Gears—233, 271 
Housings and enclosures—154, 
214e, 222e, 228e 
Knobs, handles—267 
Mounting hardware—232 
Shock mounts—210e 
Spacers—210e 
Switch release—218e 


COMPUTERS AND 
COMPUTING COMPONENTS 


23, 39, 52, 180e, 187e, 189e, 
192e, 196e, 200, 230e, 232e, 
256¢e 


(Continued on page 276) 
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Good suppliers are the foundation of any value 
analysis program. CONOVER-MAST PURCHASING 
DIRECTORY gives you a reliable list of manu- 
facturers of industrial products. It gives you: 


the company name, 

address, 

telephone number, 

size of company, 

and necessary technical data. 


Next time you use a directory, use CMPD. 
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Conover-Mast 
Purchasing Directory ; 


205 E. 42nd St. New York 17, N. Y. 
j MU 9-3250 ' 
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Shaded pole motor—use alone or 
as backbone for geared motor 


every ane: 
Brevel meets 


unusual 
specifications 
for small motor 
applications 


Your new appliances get into 
production — and to market — 
faster, at lower cost when 
BREVEL supplies your mo- 
tors. Chances are we have a 
suitable design! 


eeeeeeeeoeseeeeeeeeeeeeeeeeeeeeeeeeee 
SeeeeSeseseSSSSSSSSSSSeSeSSSeeeseseeseeseseeseeseses 


Series S$ 
Open Spur 
Gear Motors 


You can rely on BREVEL’s 
experienced specialization to 
design, engineer, and volume- 
produce precision motors that 
give consistently superior serv- 
ice at low cost. 


Series W 
Open Worm 
Gear Motor 


NEW Series FB SS 
ki ; | Z 
Our representatives cover ev- "S05; motor. oe 
ery part of North America 
from local offices. Write, wire, A 


phone now... and find out. 


High perform- 
ance—low noise. 

Available with has 
brake or clutch. ‘ t 


‘ee 


bBREVEL 


BREVEL PRODUCTS CORP. 
manufacturers of small motors for the appliance industry 
627 West 26th Street, New York 1 @ WAtkins 4-4737 


CHICAGO: Jerry Goiten Co. * 2750 W. North Ave. + EVerglede 4-5959 
LOS ANGELES: Electric Meter Engineering, Inc. « 6515 Sunset Bivd. « Hollywood 9-7393 
TORONTO: Breve! Products, Ltd. ¢ 45 Crockford Bivd. * Scarborough, Ont. * Plymouth 7-5140 


276 Circle 290 on Inquiry Card 


PRODUCT INDEX 


Components, parts and materials described in this issue’s 
editorial and advertising pages. 


Key: page number only indicates advertisement; letter 


“e” with page number 


DRIVES 
Electrical—15, 44, 181, 211 


Mechanical 
Variable speed—44, 187e, 200e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Calculators—184e 


Meters—184e, 209, 232e, 250e, 
266e, 270e 


Oscilloscopes—4 

Power supplies—135, 173, 183e, 
184e, 192e, 19G6e, 260e, 268e, 
279 

Recorders—47, 168, 207, 268e 

Special test equipment—138e, 
180e, 182e, 183e, 184e, 19Ge, 
204e, 221, 244e, 246e, 250e, 
252e, 254e, 256e, 258e, 260e, 
262e, 264e, 26G6e, 270e, 272e, 
273 


Tachometers—240 


MATERIALS, 
ELECTRICAL/ ELECTRONIC 


Conductive materials—5, 29, 54, 
180e, 225, 242e 


Contact materials—59 
Coolants—25 


Insulation and dielectrics 

Casting resins—186, 189e, 227 

Ceramics and glass—48, 151, 
172 

Fabricated parts—(see: Ser- 
vices ) 

Pabrics—1, 237 

Fiber—1 

Films—198, 199 

Fluids—25 

Greases—216 

Laminates—35, 183e 

Mica—1 

Molding compounds—180e, 
187e, 189e, 239, 259 

Paper—1 

Pressboard—263 

Rods—203e 

Tape—G60, 238e, 240, 253, 264 

Tubing—180e, 228, 278 


Magnetic materials 
Alloys—48 
Electrical steel—139 
Magnetic powders—214 
Plating solutions—29 
Silicones—180e, 190e 
Thermocouple alloys—176 
Wire and cable—(see: Compo- 
nents, Electrical/Electronic) 


indicates editorial 


mention 


MATERIALS, 
MECHANICAL/ STRUCTURAL 


Adhesives—238e 
Fabricated parts—(see: 
Metal forms 
Thermostatic bimetal—190 
Metals 
Alloys, general—151, 220 
Aluminum—190e 
Copper, brass, bronze—220, 
225 
Tin—268 
Titanium—186e 
Non-metallic materials 
Ceramics—48, 172 
Vinyl—222e 
Protective coatings 
Chemical—165, 244 


Services) 


MOTORS AND GENERATORS 


Fractional-hp motors—32, 145, 
158, 192, 194, 205, 222, 230, 
231, 240e, 257, 277 

Gearmotors—180e, 182e, 194, 
237e, 276 

Generators—33, 219, 238 

Integral-hp motors—166, 175, 
231, 257 

Precision—250 

Special—32, 194, 210, 216e, 219, 
222, 230 

Synchronous motors—32, 169 


PRODUCTION EQUIPMENT, 
TOOLS 


Layout fluid—257 

Marking devices—237e, 263 
Soldering tools—254e 

Welding equipment—222 

Wire strippers—180e, 257, 267 
Wiring machines—206 


SERVICES, MATERIALS AND 
COMPONENT FABRICATION 


Coil winding—261 

Metal fabrication—233 
Other fabrication—216, 234 
Plastics fabrication—212 
Porcelain fabrication—277 


SERVICES, MISCELLANEOUS 
Employment—43, 143 


Engineering—19, 203 
Transportation—31 
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New Low Cost Synchronous Motor 
p< 1101°°—Has hysteresis features at 
shaded pole price. Constant speed for phono 
ae] ha) OL melee) 00 cM De oh UU 
levices, etc 


2. “L" Motor—Shadcd pole motor for type 
TEL CLA MES TOON iT wm | 

3. “H” Motor—High starting torque, compact 
a mcr me Ce Mm Ca Ee lc 


. "JSG" Gearmotor—For rotisseries, vend 
ing machines, remote controls, etc 


PM) meet elmer er Le aa 
= heaters, pumps, recorders and many 
Oats 8 


For the industrys most complete line of Sub-Fractional HP Motors 


Alliance, world’s largest producer of sub-frac- 
Torque peed ae Weight 


tional HP motors, offers the widest choice of standard Pees vim. | @2.fa. | ame ia, 
and custom models, faster service, more for your money. 1.0 | 0.4(pullin)| 3600 |. 8 {1 Wb. 14 o2, 
Used in leading makes of phonographs, tape recorders, ! 5 | 8 jo | 1.20 | yaw. 7 02 = 

1 


appliances, business machines, animated displays and Hf 7] 10 [10 | 800 | 1 Ib. 0 oz 
other products—all can be customized to your own 25 || tata CC ‘5 |1 1b. 702. 
specifications. 1,75} 2.70 | 2900 | 570° 1 Ib. 2oz, | 


Write for complete catalog—price quotations upon request 


The Alliance Manufacturing Company, Inc., Alliance, Ohio 


(Subsidiary of Consolidated Electronics Industries Corp.) 
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National Electric FLEXLAY CABLE 


Installs quickly . . . neoprene jacketed type RR cable rated 
over 2,000 volts through 28,000 volts. Nepcozone insulation. 
Tinned copper conductor. 


wo cf 
for underground, aerial, duct or conduit applications. Power elect rical orcelain 
supply to commercial, industrial buildings * street lighting « 
airports * stadiums ° drive-in theatres. e * 
Built to your Drawings and Specifications 


Ask your distributor, or write for folder. National Electric Division, 
H. K. Porter Company, Inc., Porter Building, Pittsburgh 19, Pa. SEND US YOUR INQUIRIES 


NATIONAL ELECTRIC DIVISION | 
H. K. PORTER COMPANY, INC. | 
| 


OCTOBER 1961 Circle 292 on Inquiry Card Circle 293 on Inquiry Card 


2725 CORY AVE., AKRON 14, OHIO 





BRAND 


guia ie 
AYE 
coated 
glass 

STATS 


A fibrous glass braid with 
a highly flexible, heat re- 
sistant vinyl coating .. . 
will not lose physical or 
electrical properties even 
when bent or knotted. 


Turbotuf, a class B 
material is flexible, tough, 
chemical and moisture re- 
sistant, won't support com- 
bustion, has excellent 
thermal properties and 
dielectric strength, won't 
fray when cut. (Available 
in sizes #24 to 1” |.D. in all 
standard colors.) 


For more information 
and samples, and, if you 
wish, technical assistance 
in selecting the right in- 
sulation for your applica- 
tion, write or call 


DivISION OF 
American ENK A Corporation 


DEPT. T. 36 SUDBURY ROAD, 
CONCORD, MASSACHUSETTS 
TELEPHONE: EMERSON 9-9630 
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Electro-Technology 


Pormerly Electrica! Manufacturing 


205 East 42 Street, New York 17, N. Y. Telephone: MU 9-3250 


BUSINESS STAFF 


ROBERT G. DRAKE Sales Manager 
AL ROSE, Sales Promotion Manager 


ZONIA M. DOBRIAN, Advertising Service Mgr. 


CHICAGO, 737 No. Michigan Ave. 

John T. Dix, Director of Midwest Operations 
David Jealous, Regional Sales Mgr. 

Charles P. Gass 


BEVERLY HILLS, 8665 Wilshire Blod. 
John C. Clemens 


NEW ENGLAND, Ridgefield, Conn. 
Kenneth F. Fairleigh 


NEW YORK, 205 East 42 Street 
James J. Sullivan, Regional Sales Mgr. 
Robert A. Kuhn 

Edward H. Nelson 
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Richard M. Morrow 


INDEX TO ADVERTISERS 


For information on any of the products or services advertised in this issue, use the con- 
venient Reader Inquiry Service postcards at end of book—or write directly to advertiser. 


ACF Electronics Div., ACF Industies 
AMP Incorporated 
A.P.M. Corp. 


Acme-Newport Steel Ga, A Sub. of Acme 
Steel Co. 139 


Acromag, Inc. . 

Air Express Div. of REA 

Akron Porcelain Co. 

Allen-Bradley Co. 10, 235, 236 


Alliance Manufacturing Co., Inc., The, 
(Sub of Consolidated Electronics In- 
dustries Corp.) 


Allied Research Products, Inc. 


Amco, A Div. of American Metal Climax 
Inc. 


American Cyanimid Co., “Plastics and 
Resins Div. 


American Platinum & Silver Div., 
Engelhard Industries, Inc. 


American Solenoid Co., Inc 
American Stock Gear Div., Perfection 
Gear 


Amphenol-Borg Electronics Corp., 
COI, 5 oc ce wan ose 36, 37 


Distributor Div. . Inside Front Cover 
Amplex Div., Chrysler Corp. 
Anaconda American Brass Co. 
Anaconda Wire & Cable Co. 
Arnold Engineering Co., The .......... 
Artos Engineering Co. 
Associated Research Inc. 


Automatic Electric, Sub. of General Tele- 
phone & Electronics ‘ 
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Component 
Power 
Supplies 
from 
PEERLESS 


Designed to Your 
Reguirements..... 


Peerless power supplies are avail- 
able with DC or AC inputs. AC in- 
puts are normally 60 or 400 eps; DC 
outputs extend to 10 ma or higher. 
Regulation values normally range 
from 5% to 10% from no load to full 
load; peak-to-peak ripple voltages 
are less than 1% of output voltage 
within this range. When required, 
closer tolerances can be supplied. 


Peerless power supplies can be pack- 
aged to meet any operating require- 
ments from commercial to Mil. Spec. 
And, their dimensions and configura- 
tions may also vary to meet specific 
volume requirements. For complex 
applications, Peerless has designed 
and manufactured power supplies that 
provide two or more outputs, operate 
in ambients up to 125°C and withstand 
shocks up to 50 G’s. Whether your 
requirements are conventional or 
exotic, Peerless can solve the design 
problems and manufacture in quantity 
to your exact specifications. 


NEW! 
Send 
Coupon 
For 

Free 
Catalog 


Contains detailed specs on 48 widely varied types 
of Peerless power supplies and comprehensive 
Estimating eee Sheet! 


@® PEERLESS 


ELECTRICAL PRODUCTS 


A DIVISION OF ALTEC LANSING CORPORATION 
1515 S. Manchester Ave., Anaheim, Calif. 
NEW YORK « LOS ANGELES 


Please send your new catalog, 
“PEERLESS POWER SUPPLIES”. 
| understand there is no obligation. 


Name 
Title 
Company 


© 1961 ALTEC LANSING CORPORATION 
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AYDON 


MPANY 


234 WORTH ELM STREET, WATERBURY 20, CONNECTICUT 


Circle 296 on Inquiry Card 


ONE Reader Inquiry Service post- 
card (king-size for legibility) will 
bring you additional information re- 
garding material published in this 
issue—either advertising or editorial 
pages. 

Editorial items and advertise- 
ments have been assigned a key 
number; corresponding numbers ap- 
pear in the respective grouping of 
the Reader Inquiry Service postcards 
on the facing pages. 

Simply circle the numbers that 
apply to specific items in which you 
are interested. Your information re- 
quests will be forwarded promptly— 
within 48 hours of receipt of card. 
To expedite, please print or type 
your name and address. 
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header 
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2 ae am 


e ADVERTISED PRODUCTS 


For more information on products 
advertised, circle the number in- 
dicated at bottom of each adver- 
tisement. 


e REPRINTS OF EDITORIAL 
FEATURES 


Article reprints available without 
charge are listed on page 162. 
For Science & Engineering re- 
— see Order Form on page 


e NEW LITERATURE 


Latest catalog and bulletin offer- 
ings start on page 180. 


e NEW COMPOUNDS AND 
MATERIALS 
Reviews of new developments 
start on page 196. 


Cards will be processed by Publish- 
er if received by December 1, 1961 


Open this folder out 
elma al ile me eile diets 


your Inquiry Cards 
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ADVERTISED PRODUCTS OR SERVICES 
101 133 165 197 229 261 283 325 358 
102 134 166 198 230 262 294 326 
103 135 167 199 231 263 295 327 
104 136 168 200 232 264 296 


NEW COMPONENTS 
520 539 558 577 597 617 637 657 677 697 717 737 
521 540 559 578 S98 618 638 658 678 698 718 738 
522 541 560 579 599 619 639 659 679 699 719 739 
523 542 561 580 600 620 640 660 680 700 720 740 



















NEW LITERATURE 632 
756 775 794 813 833 
757 776 795 814 834 
758 777 796 815 835 
759 778 797 816 836 




















































































































































105 137 169 265 297 329 524 543 562 581 601 621 641 661 681 701 721 741 | 760 779 798 817 837 
106 138 170 234 266 288 330 462 525 544 563 582 602 622 642 662 682 702 722 742 | 761 780 799 818 

107 139 171 203 235 267 299 331 364 463 526 545.564 583 603 623 643 663 683 703 723 743 | 762 781 800 819 

108 140 172 204 236 268 300 332 365 464 527 546 565 584 604 624 644 664 684 704 724 744 | 763 782 

109 141 173 205 237 269 301 333 366 465 526 547 S566 585 605 625 645 665 685 705 725 745 | 764 783 802 

110 142 174 206 238 270 302 334 367 466 | 510 529 548 567 586 606 626 646 666 686 706 726 746 | 765 784 803 822 842 862 
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ADVERTISED PRODUCTS 


OR SERVICES 
261 293 325 


NEW COMPONENTS 
501 520 539 558 577 587 617 637 657 677 697 717 737 


NEW LITERATURE e32 
756 775 794 813 833 
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102 134 166 198 230 262 294 326 502 521 540 559 578 598 618 638 658 678 698 718 738 | 757 776 795 814 834 
103 167 199 263 503 522 541 560 579 599 619 639 659 679 699 719 739 758 777 796 815 

104 136 200 264 504 523 542 561 580 600 620 640 660 680 700 720 740 | 759 778 816 836 

105 265 505 524 543 562 581 601 621 641 661 681 701 721 741 | 760 779 798 817 837 

106 266 506 525 544 563 582 602 622 642 662 682 702 722 742 | 761 780 799 818 838 
267 507 526 545 564 583 603 623 643 663 683 703 723 743 | 762 781 800 819 

108 268 508 527 546 565 584 604 624 644 664 684 704 724 744 | 763 782 801 820 840 

103 269 509 528 547 566 585 605 625 645 665 685 705 725 745 | 764 783 802 821 841 

529 548 567 586 606 666 686 784 803 822 842 

511 530 549 568 587 607 627 647 667 687 707 727 747 | 766 804 843 

512 531 550 569 588 608 628 648 668 688 708 728 748 805 844 

513 532 551 570 589 609 629 649 669 689 709 729 749 | 768 806 845 

514 533 552 571 590 610 630 650 670 690 710 730 750 846 

515 534 553 572 591 611 631 651 671 691 711 731 751 847 

516 535 554 573 592 612 632 652 672 692.712 732 752 848 

517 536 555 574 593 613 633 653 673 693 713 733 753 849 

556 575 594 614 634 654 674 694 714 734 754 850 





REPRINTS 
901 903 905 
902 904 906 








Individual 
Title Dept. or Div. 
Company 
Street City Zone State 


ee ae ot a ee a a a ee hk ek ak wk at bt lk tle et 





Not good after December 1, 1961 D October @ 1961 




















ADVERTISED PRODUCTS OR SERVICES 
101 133 165 197 229 261 293 325 
102 134 166 198 230 262 294 326 
103 135 167 199 231 263 295 327 360 393 426 459 
104 136 168 200 232 264 296 328 361 394 427 460 
105 137 169 201 233 265 297 329 362 395 428 461 
106 138 170 202 234 266 298 330 363 396 429 462 
107 139 171 203 235 267 299 331 364 397 430 463 
108 140 172 204 236 268 300 332 365 398 431 464 
109 141 173 205 237 269 301 333 366 399 432 465 
302 
303 
304 


NEW COMPONENTS 


501 520 539 558 577 597 617 637 657 677 697 717 737 
502 521 540 559 578 598 618 638 658 678 698 718 738 
503 522 541 560 579 599 619 659 679 699 719 739 
504 523 542 561 580 600 620 680 700 720 740 
505 524 543 562 581 601 621 681 701 721 741 
506 525 544 563 582 602 622 
507 526 545 564 583 603 623 
508 527 546 565 584 604 624 
509 528 547 566 585 605 625 
510 529 548 567 586 606 626 
511 530 549 568 587 607 627 
512 531 550 S69 588 608 628 
513 532 551 570 589 609 629 
514 533 552 571 590 610 630 
534 591 
535 592 
536 593 
537 594 
538 595 


REPRINTS 
901 903 905 
902 904 906 
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757 776 814 
758 777 815 
759 778 816 
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765 784 822 
766 




































































































































































683 703 723 743 
684 704 724 744 
685 705 725 745 





















































110 142 174 206 238 270 334 367 400 433 466 
111 143 175 207 239 271 335 368 401 434 467 
112 144 176 208 240 272 336 369 402 435 468 
113 145 177 208 241 273 305 337 370 403 436 469 
114 146 178 210 242 274 306 338 371 404 437 470 
115 147 178 211 243 275 307 339 
148 180 308 340 373 406 439 472 


149 181 308 341 374 407 440 473 
150 182 342 


151 183 
152 184 
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154 186 
155 187 
156 188 
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667 687 707 727 747 
668 688 708 728 748 
669 689 709 729 749 
670 690 710 730 750 
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ADVERTISED PRODUCTS 
101 133 165 197 229 
102 134 166 198 230 
103 135 167 199 231 
104 136 168 200 232 
105 137 169 201 233 
106 138 170 202 234 
107 139 171 203 235 
108 140 172 204 236 
108 141 173 205 237 
110 142 174 206 238 270 302 334 
111 143 175 207 239 271 303 335 
112 144 176 208 240 272 304 336 369 402 435 468 
113 145 177 209 241 273 305 337 370 403 436 469 
114 146 178 210 242 274 306 338 371 404 437 470 
115 147 179 243 275 339 372 405 438 471 
116 148 180 244 276 340 
117 149 181 245 277 341 
118 150 182 246 278 342 
119 151 183 247 279 343 
120 152 184 248 280 344 
121 153 185 249 281 345 
122 154 186 250 282 346 
123 155 187 251 283 347 
124 156 188 252 284 348 
125 157 189 253 285 
126 158 190 254 286 
127 159 191 255 287 
128 160 192 256 288 


OR SERVICES 
261 293 325 358 391 424 457 
262 294 326 
263 295 327 
264 296 328 
265 297 329 
266 298 330 
267 299 331 
268 300 332 
269 301 333 


NEW COMPONENTS 
501 520 539 558 577 597 617 637 657 677 697 717 737 
502 521 540 559 578 598 618 638 658 678 698 718 736 
503 522 541 560 579 599 619 639 659 679 699 719 739 
504 523 542 561 580 600 620 640 660 680 700 720 740 
505 524 543 562 581 
506 525 544 563 582 602 622 642 662 682 702 722 742 
526 545 564 583 603 623 643 663 683 703 723 743 
527 546 565 584 604 624 644 664 684 704 724 744 
509 528 547 566 585 605 625 645 665 685 705 725 745 
510 529 548 567 586 606 626 646 666 686 706 726 746 
511 530 549 568 587 607 627 647 667 687 707 727 747 
512 531 550 569 588 608 628 648 668 688 708 728 748 
513 532 551 570 589 609 629 649 669 689 709 729 749 
533 552 
534 
535 554 573 592 612 632 652 672 692 712 732 752 
536 555 574 593 613 633 653 673 693 713 733 753 
537 556 575 594 614 634 654 674 694 714 734 754 
538 


REPRINTS 
901 903 905 908 911 914 917 920 923 926 929 932 935 938 941 944 947 950 953 
902 904 906 909. 912 915 918 921 924 927 930 933 936 


NEW LITERATURE 832 
756 775 794 813 833 
757 776 795 814 834 
758 777 796 815 835 
759 778 797 816 836 
760 779 798 817 837 
761 780 799 818 838 
762 781 800 819 839 859 
763 782 820 840 860 
764 783 821 841 861 
765 784 822 842 862 
766 823 843 863 
824 844 
768 787 806 825 845 865 
807 826 846 
808 827 847 
809 828 848 
829 
830 
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BANTAM ¥ 


COMPLETELY INTERCHANGEABLE 


Up to 32 contacts in an area the size of a> “am hard gold mating against soft gold adding durability and min- 
... providing for 61 contacts in an area & imizing galling. An exclusive wire-seal grommet will seal all 
slightly larger, the Bantam line is avail- | , required wires and in addition type EE Mil-W-16878. Elec- 
able in a wide variety of insert configura: | “ trically, mechanically, BANTAM connectors have proven com- 
tions and shell sizes. Extra heavy gold ‘ me 6=—s pletely dependable. Copper alloy closed entry sockets, extra 
plating, 75 micro inches — far exceeding ‘ . ' heavily gold-plated over silver... moisture-proof resilient in- 
current specifications provides extra protec- serts ...cadmium-plated shells of impact-extruded alu- 
tion against corrosion. The Bantam contacts also provide minum...heavy spring tension for perfect interface sealing. 


For further information write OMATON DIVISION 


NORWALK, CONNECT. BICC-BURNDY Ltd. Prescot, Lancs., England in Europe: Malines, Belgium TORONTO, CANADA 


Circle 102 on Inquiry Card 





TT .. A SERIES 


NOTES FROM A DESIGNER'S SKETCH BOOK 


STEVENS Major Appliance THERMOSTATS 


Leading major appliance manufacturers are turning to Stemco Commercial 
Thermostats in increasing numbers for the same reasons that have made 
Stevens the big name in table appliances: Fresh, creative thermostat designs 
that perform better, longer . .. broad product line that enables appliance 
designers to satisfy all special requirements with a production line 
thermostat, or minor modification thereof . . . meticulous testing, calibration 
and quality control that banish service problems. . . realistic pricing 

for volume. Contact our Applications Engineering Dept. for 

solution to your thermostatic control problems. 


* Table appliances, too: Skillets, saucepans, griddles, inhalers, 


fans, steam and flat irons, roasters, fry kettles, butter 
warmers, waffle irons, electronic and avionic applications. 


Stemco Type GP Thermostats, one of a family disc type 

potted thermostats for moisture resistance. Used on refrigerators, 

freezers, coolers, etc. Fast response and quick, snap action control. 
@®eeeeeeeeeeeeeeeeeeeeeeeeaeee eee 


Stemco Type GY Thermostat, one of a number of similar designs 
with exposed or enclosed bimetal disc for dryers, heaters, air 
conditioners and similar applications. Various terminals 

and mounting provisions. 


STEVENS manufacturing company, inc. 


P. O. Box 1007 + Mansfield, Ohio 
THERMOSTATS 


Creative designers and competitive producers of the best in bimetal thermostats 


Circle 104 on Inquiry Card 
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